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THE LUDLOW FILTERS. 


BY CARROLL F. STORY, CIVIL ENGINEER, SPRINGFIELD, MASS. 
[Read March 10, 1909.} 


In order to understand the conditions which have existed in 
connection with the water supply of Springfield, Mass., it is 
necessary to go somewhat into history. Much of this is familiar to 
members of the Society, as it has been covered in different articles 
and reports which have been published from time to time. There 
is no account, however, which has covered the entire ground, and it 
will be easy in connection with such an account to understand the 
necessity for, and the success of, filtration as it has been adopted 
by Springfield on its Ludlow reservoir water. Few reservoirs have 
borne as bad a reputation as has Ludlow. 

In 1872 the city took over the reservoirs and pipe lines of the 
Springfield Aqueduct Company. These reservoirs were small and 
located only slightly above the city proper, in a section which was 
lower than certain new parts of the city. It became necessary, 
immediately, to look for a new supply, both because the old was 
inadequate and because it could not be made to serve the entire 
city. There are several tributaries of the Connecticut River 
which are located within a radius of fifteen miles of Springfield, at 
an elevation sufficient to supply the city, and studies were made of 
different supplies which were available. It is interesting to know 
in this connection that the Westfield Little River was finally 
selected, but a more careful study of the cost proved that it could 
not be taken by the city as a cost of $1 000 000 was considered pro- 
hibitive for a city of 26 000 people. Further studies were made, 
and finally Mr. George Raymond, of Fitchburg, Mass., who had 
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230 THE LUDLOW FILTERS. 
been called in for consultation in the matter, recommended that 
certain branches of the Chicopee River lying from twelve to sixteen 
miles northeast of Springfield could be taken at a cost which would 
be within the city’s means. A large storage could be obtained by 
building two dams, and the supply could be brought into the city 
by a cement-lined pipe line. The report started a bitter contro- 
versy, and one member of the commission resigned because he 
thought that the policy was unwise. Two parties were thereby 
formed which have existed almost to the present date. Some 
people have thought that the Ludlow water could be made usable 
and that everything possible should be done for its improvement 
rather than to go to the expense of taking other water for the city. 
The other party has always maintained that a mistake had been 
made in selecting the Ludlow water, and that the best way out of 
it would be to turn to an entirely new supply. The two parties 
were finally unified, however, in a policy which will be outlined 
during the course of this paper. 

The storage which was obtained in Ludlow reservoir was secured 
by building two dams which flooded what was then known as Dark 
Island Swamp. A capacity of 1 800 million gallons was obtained 
with a flowage of about 430 acres and an average depth of slightly 
over 10 feet. Later investigations which will be mentioned later 
in greater detail have disclosed that it was almost a bottomless 
swamp, the black muck varying in depth from one foot to forty-six 
and a half feet, the average depth of mud being in excess of five feet, 
The shores of the reservoir have numerous small coves which are 
well protected from the wind and in which the water is very shallow. 
Any one conversant with water supplies will recognize that the 
large storage in Ludlow reservoir was obtained under the most 
disadvantageous conditions possible. It is hardly to be wondered 
at that trouble has been experienced from the first with micro- 
scopical organisms. 

The first year that the reservoir was filled, a troublesome growth 
made the water almost undrinkable. This was undoubtedly due 
to anabaena. It is interesting to note the records which were kept 
by the gatekeeper during the succeeding years. The water was 
unfit to drink at some time or other during practically every 
The conditions were so bad that about 1890 it was 
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decided to double the size of the watershed in the hope that the 
additional circulation which would come from the large amounts 
of fresh brook water would help conditions materially. The city 
was also nearing the time when a larger supply was needed. 
Accordingly, Jabish Brook was diverted and brought to the reser- 
voir by along canal. It is generally conceded that some improve- 
ment was noticeable, but this was not lasting in character. Two 
pumping stations were accordingly added on small ponds located 
along the pipe line between the reservoir and the city. These 
ponds had no‘inlets and were in reality merely a storage of ground 
water of a very satisfactory quality. During the bad period of the 
summer this water was used to supply the deficiency in amount of 
fresh brook water, which was diverted around the reservoir directly 
into the mains. This necessitated the use of unstored brook water 
and was dangerous, although inspection of the watershed was 
maintained. 

Finally, in 1900, the reservoir was drained with the idea that 
stripping off the muck which constituted its bottom would better 
the conditions. A survey of the reservoir was made and soundings 
were taken to ascertain the amount of stripping necessary. When 
it was found that the muck extended to a depth of from thirty to 
forty feet in places, with a maximum of forty-six and a half feet, the 
idea was given up. Mr. Percy M. Blake, civil engineer, was called 
into consultation, and a series of filters were operated, in connection 
with the State Board of Health, to see just what might be done in 
the way of filtration. The results of a year’s run are fully covered 
in the State Board of Health’s report of 1901. It was found that 
the water could be satisfactorily filtered for almost the entire year, 
but that there was a period in the case of each filter when the water 
could not be handled. Mr. Blake reported unqualifiedly against 
filtration and recommended that the Ludlow supply be abandoned 
as soon as a new supply could be obtained. He recommended 
that the north branch of the Westfield River be taken. The State 
Board of Health approved his report. 

Permission was asked of the state legislature to divert the waters 
of the river which Mr. Blake had recommended. Permission was, 
however, denied, due largely to the fact that the city was not 
unanimous in feeling that this was the wisest course. 
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This action forced the city to go into the problem anew, and 
Messrs. Samuel M. Gray, civil engineer, and George W. Fuller, 
civil engineer, were retained in 1903 by a special commission to 
look up the matter again. Under the personal direction of Mr. 
E. E. Lochridge, now chief engineer of the Springfield Water 
Department, a series of twelve filters were run during the summer 
months. It was found that filtration, while possible, would not be 
advisable. The engineers recommended that the supply be 
abandoned and that permission be again asked of the legislature 
for the north branch of the Westfield River. They did not feel that 
the expense of double filtration and triple aération, which they 
deemed necessary for a satisfactory purification of the water, would 
be justifiable for Springfield, inasmuch as the supply was inade- 
quate and would have to be extended at an early date. 

In the spring of 1904 the city council appropriated $300 000 for 
the filtration of Ludlow water, and Mr. Allen Hazen, civil engineer, 
of the firm Hazen & Whipple, was retained by the city to prepare 
plans for the plant. He studied the situation and the previous 
experiments, and he reported that he thought that a filter of the 
kind intended would fail at times to purify the water without pre- 
liminary treatment. The loss of head necessary for filtration 
would reduce the pressure in the city to a point which would render 
the fire protection inadequate. In view of the fact that it was 
necessary to extend the supply, and as the extension of the Ludlow 
supply would involve large expense, he deemed the best action 
possible would be to abandon the supply and to take water from 
the Westfield Little River. 

The feeling at this time was bitter. Many thought it impossible 
to secure any grant from the legislature and considered that it 
would be necessary to extend the present supply. A compromise 
plan was suggested. It was decided to do as much as possible for 
Ludlow at a reasonable cost and to unite and try once more to 
secure the permission of the state legislature for a new supply. 
Mr. Hazen felt that a rough filter could be built for a reasonable 
amount which would help the bad water in the summer very 
materially. Accordingly, in 1905, $75 000 was voted by the city 
council for the construction of a temporary filter to be designed by 
Mr. Hazen, and a unanimous vote was passed petitioning for the 
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new supply from the Westfield Little River. An epidemic of 
typhoid which had been prevalent during the summer, although 
not attributable to the water supply, awakened the people to the 
dangers of using unstored brook water along with the water of the 
three emergency ponds, the third one having been added for that 
summer’s use. 

This history of the Ludlow supply will reveal the reasons for 
the construction of a filter of the type which was finally built. 
Its use was to be only temporary. The cost, while large, was still 
small enough so that the full value of the filter would be realized 
in the few years in which its use would be necessary. Conditions 
were ideal for the construction of such a filter. Two arms of the 
reservoir were divided by a long point composed almost entirely 
of a sand satisfactory for filtration. One of these arms had been 
closed off from the main reservoir by a dike and was used during 
the summer months for the storage of the fresh brook water. 
During the winter the gate on a 36-inch main connecting it with 
the reservoir proper was opened and the two stood at the same 
height. This basin was to be used for the storage of filtered water. 
By leveling off the. point, an area of four acres could be obtained 
for filtration. The amount of pumping necessary would be a 
minimum, as the water could be raised from the reservoir on to the 
filters, flowing down through the sand into the system of under- 
drains and out into the basin. No pressure would thus be lost in 
the city. 

This was the only type of filter that could be built quickly enough 
to be of service for the coming summer season. Plans were hurried 
and the contract was let in the fall of 1905 for the leveling off of the 
peninsula so that the work would be finished by spring in time for 
the construction of the filter proper which was to go upon this area. 
No concrete floor or special precaution of any kind against the loss . 
of water was used. Upon the surface thus leveled, and which was 
fairly compact, due to the fact that the filling had been done into 
a depth of from three to fourteen feet of water and had been sub- 
ject to the freezing and thawing of the winter weather followed by 
spring, the tile underdrains were laid with open joints. These 
underdrains were 6 inches in size for a part of the length, and 8 
inches for the rest. Three-quarter inch openings were left every 
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2 feet, and the lines of tile were 124 feet apart. These underdrains 
all came into the central drain, which was of concrete, at a point 
several feet above the level of the water which would exist in the 
drain during the operation of the filters. The central drain divided 
the filters into two sections, two one-acre beds being on each side. 
Above the underdrains were laid layers of gravel which was washed 
from the bank sand. This was the only washing and screening 
which was done for the building of the filters. On top of the gravel 
was spread 5 feet of sand from the bank, the sand being placed in 
the filters after an analysis of each carload, the aim being to keep 
the effective size above .30 millimeter. 

Excavation was carried on by means of a steam clam-shell 
bucket which loaded a train of ten cars, each holding three and 
one-half cubic yards. Assoon as a train load was filled the dif- 
ferent cars were analyzed. If the sand in any car was found 
unsuitable, it was placed in the embankments; otherwise it was used 
in the filters. Filling was done by keeping the track at the edge of 
the fill so that the sand was dumped into its proper place without 
a second handling, and the final grade was secured at once. 

In the center of the four beds was located the aérator, which is 
one of the novel and essential features of the plant as constructed. 
The end of the 30-inch pipe from the pump discharges into a 
basin or aérator 30 feet in diameter built of concrete. Surrounding 
this basin is a concrete apron and an area paved with large stones 
so that the entire diameter of the aérating system is 60 feet. The 
aérator is so arranged that the water can be discharged into any 
combination of the four beds that may be desired. It is customary 
in operation to use three out of the four beds, leaving the other 
out tobe cleaned. The beds are cleaned in rotation. The capacity 
of the pump is sufficient so that sixteen hours supplies the amount 
of water necessary, the operation thus becoming intermittent as 
with a sewage filter. 

The essential features of filtration are the central aérator, the 
intermittent operation of the filters themselves, and the aération 
which follows the filtration by the water falling from the small 
drains into the large drain, which is 56 inches high and 30 inches 
wide, inside dimensions, and from the wooden flume which leads 
from the large drain into the water of the basin below. The aéra- 
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tion and intermittent action of the filters are undoubtedly the two 
features which lead to the successful filtration of Ludlow water. 
In the experiments of the State Board of Health it was found, 
during the worst periods, that filters which ran at a high rate 
allowed anabaena to pass through them, and that those which 
worked at a low rate were utterly unable to take care of the water, 
as there was so little oxygen present during the had stages of the 
reservoir water that it was entirely removed during the process of 
filtration. A water resulted that was utterly unfit for use. 

With this account of the conditions, and this brief outline of the 
design, I shall pass into the operation itself. It has always seemed 
to me that the most interesting account possible would consist in a 
relation of experiences. The analysis of the different years’ opera- 
tion is given in the reports of the Board of Water Commissioners, 
so that any one interested in the purely technical side of filtration 
can study out just what the filter has done in the way of improving 
the water during the past three seasons. 

The filter was put into operation early in July, 1906, under the 
direction of Mr. George H. Shaw, and the results were very satis- 
factory for the summer. At no time during the year was there 

. present in the reservoir the amount of anabaena that was usually 
found in previous seasons; the summer’s run, therefore, failed to 
furnish a good idea of just what might be expected. 

In May, 1907, I was sent out to take charge of the filters for the 
season. I found the work of resurfacing the beds had been started 
some days previous and that two out of the.four beds had been 
brought back to grade. It was thought by those connected with 
the department that resurfacing could be done in a filter of this 
kind without any undue danger of sub-surface clogging. All dirty 
sand was removed from the top and a layer of new sand was placed 
deep enough to bring the filters back to their original grade. Due 
to the heavy scrapings which are necessary in a filter of this kind, 
and to the fact that considerable settlement had taken place in 
some sections of the beds, this layer varied in thickness from six 
to fourteen inches. It was thought that the layer was thick 
enough to provide against the dangers of the dirt going through, 
and the precaution was not taken to mix the new sand into the old 
by spading. We learned better by experience, however. 
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About the first of June, when three of the beds had been brought 
to grade, and the other had been almost finished, it was decided to 
start up the filters, although the water in the reservoir was still 
pretty good. This was done to give the filter a chance to get to 
working in good shape before bad water would come. The filters 
were started on a Wednesday, and by Friday night all four beds 
were filled to the top and were barely taking care of the amount of 
water thrown by the pump. Isaw that some action would have to 
be taken the following morning and ordered the men to report early. 
Upon going out on the filters the next morning I found that three 
of the four beds still had water on them, although it was eight hours 
since the pump had ceased to work. The odor about the beds was 
so strongly fishy as to be oppressive, and the men complained of it 
a number of times during the morning. Getting all the boots that 
I could in the neighborhood, I put the men on to the filters in order 
to rake the water down. Then the beds were allowed to stand in 
the sun and bake until they had dried out thoroughly. They were 
then given a good raking and the pump was started up. They 
worked better after this treatment, but I saw that it would be 
necessary to start at once on the work of scraping, although the 
filters had been in operation only four days. : 
To say that I was discouraged at the outlook would be putting it 
mildly. I had been sent to the filters under orders not to rake 
the beds under any condition, because the State Board of Health 
had not had very good luck with this form of treatment, and here 
at the very start I found that I was forced to resort to it. I went 
into the laboratory after the filters were running to make a micro- 
scopical analysis of the water and found that it contained a large 
amount of uroglena and asterionella. For the next three weeks 
the water continued to be almost as bad, the numbers of asterio- 
nella varying from about two thousand to seventy-one hundred 
standard units per cubic centimeter. Operation grew less difficult 
as the asterionella gradually disappeared. In this connection I 
may say that my experience with asterionella has not been a 
pleasant one. The filters will remove the taste and odor very satis- 
factorily, but the organism seems to completely cement the top 
layer of the sand so that no water is able to passthrough. Ihave 
removed solid chunks of sand six inches square and half an inch 
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thick which were cemented hard enough so that they still held 
together weeks afterwards on the shelf of the laboratory. Raking 
seems to be the only treatment which will keep the beds going 
during this trouble. I found that a raking which followed a 
thorough drying out of the bed in the sunlight was fully as satis- 
factory as scraping off the dirty sand, both as to the quality of 
the water and as to the ease with which it passed through the 
sand. 

There was very little anabaena present during the first two 
weeks, but the organism multiplied rapidly during the last part 
of June. The filters stepped from an epidemic of asterionella right 
into one of anabaena, but we were fortunate enough to have thém 
working well by that time. The water was very dirty indeed, but 
the period of the filters was not very short. The anabaena epi- 
demic culminated on the 3d of July with a count of over twelve 
thousand standard units per cubic centimeter. On that date the 
color of the water was almost doubled, iron jumped from .5 part 
per million to over 1. part per million, CO, disappeared entirely 
from the reservoir water, and dissolved oxygen dropped to a 
much lower figure. This will give some idea of how extreme the 
fermentation was. The weather had been still and hot for a week 
and conditions were just right for the fermentation which took 
place. Filtration on the day in question was difficult, due to the 
large amount of organic matter in the water, a bed that had just 
been cleaned filling to the top. Matters eased up considerably the 
following day, although the effect of fermentation was still ap- 
parent. .It was several days before CO, was again present in the 
reservoir, and the dissolved oxygen dropped to a low figure, where 
it remained for the rest of the month. Many dead fish were found 
about the reservoir during this period. Anabaena died out 
rapidly and had disappeared quite largely in three days. The 
numbers which had been present for the two weeks preceding had 
averaged well in excess of twenty-five hundred standard units per 
cubic centimeter. 

The water during the epidemic of anabaena, strange as it may 
seem, is much easier to handle than the water afterwards. Reser- 
voir water which had been undrinkable on a number of days was 
filtered so satisfactorily that it contained almost no taste and odor 
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perceptible even to an analyst, when it dropped from the end of 
the effluent flume. It was niuch improved in all respects chemi- 
cally; half of the color, almost all of the iron, and a large part of 
the ammonia being removed. But after an epidemic has ceased 
and the water is full of the oil, which is present during the life of 
the organism, and of organic matter, due to the death of ‘the 
organisms, operation becomes more difficult. The taste and odor, 
although well removed, are not removed quite as completely as 
during the other stage. It is necessary to give the plant much 
closer attention in order to secure good water. The period of the . 
bed becomes much shorter and the dirty layer on top is both 
thicker and blacker. If scrapings are made frequently enough 
filtration will be very satisfactory. If this is not done the rate of 
filtration becomes slower and the same conditions will tend to 
manifest themselves that the State Board of Health found. Slow 
filtration during this period means a large removal of oxygen and a 
much poorer water. I watched conditions very closely and always 
tried to secure a water from the underdrains before the after- 
aération which would be high in oxygen. If I found a bed was 
giving a water low in oxygen, I hurried up the scrapings so as to 
clean this bed as quickly as possible. By taking this precaution, 
I was successful in obtaining a water that was always practically 
free from taste and odor. 

About the middle of July the filters began to work very poorly 
from a mechanical standpoint. The filtered water continued to be 
good, however. Although the beds were not dirty, it seemed to be 
hard to get water through them, and we began to hunt for the 
cause. Mr. Lochridge thought that it was due to the fact that 
the furrows which we had made in the beds to facilitate the dis- 
tribution of water and to keep the beds from becoming air bound 
had pretty well disappeared. He was under the impression, in fact, 
that the beds were air bound. I started the work on one of them 
of enlarging the furrows, and in doing so discovered the true state 
of affairs. Beneath the new sand which we had placed in the 
spring was a thick dirty layer of sand at the top of the old bed. 
This was due to the dirt which had gone through the new sand. 
The beds were in pretty bad shape, due to thissub-surface clogging. 
I gave the filter which I was then cleaning a thorough overhauling, 
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removing all of the new sand where it was not very deep and the 
dirty layer on top of the old. In places where the new sand was 
deep, I removed as much of it as I could by shoveling the sand to 
one side and taking the dirt out. I then refurrowed the bed and 
spaded the new sand thoroughly into the old at all points where 
I had been able to remove the sub-surface dirt. The bed worked 
much better after this treatment and I gave each one of the other 
three the same treatment when I came to it on the regular round of 
scrapings. It was impossible, however, to remove all of the sub- 
surface dirt, as there was not time to go beneath the thickest por- 
tions of new sand. At the end of the year, however, all of the sand 
placed at the beginning of the year was removed. After this 
treatment the filters worked easily, giving at all times a water 
that was fully as satisfactory as any one could wish for. 

During August and September the reservoir became very low. 
There were several minor fermentations of the water with their 
attendant increase in color and in iron and the accompanying loss 
of dissolved oxygen. During these times the number of anabaena 
would rise to several thousand standard units per centimeter for 
a day or two and would then drop back to a value in the hundreds. 
Filtration in each case was a little more difficult for several days, 
but conditions would then go back to the normal. Due to the 
thorough fermentation which the water had had, filtration was very 
active and the removal of color, iron, and ammonia was very high. 
It may be of interest to state in this connection that during July, 
August, and most of September, an average of over fifty per cent. 
of color removal was obtained. This was in contrast with the 
twenty-five to thirty per cent. that may be expected from an 
ordinary filter receiving fresh brook or river water of the kind that 
we have in New England. 

Toward the latter end of September the character of the water 
changed materially. The fall was a very wet one and the reservoir 
filled rapidly to the high-water mark. The result of the fresh 
water was apparent immediately, as much less color was removed 
by filtration. Operation during the fall was more or less difficult, 
at all times due to the character of the water and to the frequent 
heavy rains. There was a distinct epidemic of coelosphaerium, 
which lasted throughout the entire fall, there being present at 
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times as high as six and seven hundred colonies in a cubic centi- 
meter of reservoir water. The odor of the water was very grassy 
and quite disagreeable, but the filtered water throughout was of a 
satisfactory quality. 

I have mentioned the fact that rains made operation difficult, 
but it may not appear quite clear why this should be so without 
further explanation. A hard rain coming on a bed which was 
being cleaned seemed to float the dirt from the windrows and cover 
over the entire surface with a very black layer. It became 
necessary to scrape a part of the bed the second time as it seemed 
to be impossible to get water through without this work. In 
addition to the redirtying of a bed, there was also a hardening 
action and the top layer of sand was sometimes so hard that it was 
impossible to make much of an impression on it with your heel. 
It was so hard, in fact, that a heavy iron rake used with all of a 
man’s strength failed utterly to break up the top. After one or 
two experiences of this kind, I watched the weather pretty closely 
and tried not to have a bed off for cleaning at a time when rain 
seemed likely. I sometimes had the men work until dark in order 
to finish a bed so that I could turn water on to it before a rain 
storm came. There was a further difficulty in that it was im- 
possible to work about three days out of every seven. Coupling 
this with the dirty water and with the bad effect which the rain had 
on the beds themselves whenever they happened to be caught off, 
the mechanical operation of the plant was anything but easy. A 
covered filter, of course, would have done away with most of this 
difficulty, but in such a temporary plant we had to get along as 
best we could. By using a large gang of men and doing consider- 
able raking to tide over some of the rainy spells, it was possible to 
keep things going. 

The filter was finally closed down about Thanksgiving time as 
the reservoir water by that time was satisfactory enough without 
filtration. The people, however, had become so well educated to 
the filtered water that they noticed the difference at once. The 
color was so much higher that we received a good many requests to 
keep the filter operating longer. In the earlier days, the citizens 
would have considered that they were receiving a very satisfactory _ 
water. 
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Altogether the summer may be considered to have been a good 
test of what the filter might be expected to do. A reservoir 
water that had been at almost all times bad enough to have 
rendered it more or less unfit for use had been changed without 
exception to one that was practically without taste and odor 
‘when delivered to the consumer. In addition to this, its appear- 
ance was almost colorless and it was always entirely free from sedi- 
ment of any kind. The large improvement in the color was due, 
as I have said before, to the character of the water itself, part of the 
removal being vegetable stain in the water and the rest iron. 

After pumping had ceased, the beds were all thoroughly scraped 
by removing the stained sand from the top. The scraping was 
heavy in places, due to the fact that there was still some sub-surface 
clogging left which we had been unable to remove during the 
regular scrapings, and this was entirely removed. Owing to the 
experience which we had had in this connection, it was decided to 
put no more clean sand on the beds during the rest of the time that 
the filters would be used, as they had originally been constructed 
with five feet of sand and not more than three feet is really neces- 
sary. But two more seasons were left for the filters before the 
Little River supply would be finished and there was enough sand 
left to finish out this period. 

Early in the spring of 1908 the reservoir water became rather 
disagreeable, due to the presence, as we found, of dinobryon, and 
we received numerous requests expressed in the newspapers and 
by telephone that the filters be started for the season. As there 
was still considerable frost in the ground this was impossible, but 
we decided to start the filters somewhat earlier than they had been 
put into operation the year before. This decision was made partly 
with the desire of getting started before bad water should come, and 
partly because it was thought best to give the people the benefit 
of the improved water as long as possible. ~ 

A start was made on filtration about the middle of May, but we 
were again unlucky enough to run into asterionella almost the first 
thing. The experience of the year before was exactly repeated. 
At the end of two or three days’ run the filters were all full and it 
became necessary to resort to raking. Operation was difficult, but 
with the experience which we had gained the year before it was 
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much easier to keep things going nicely. I adopted a regular 
system of raking the beds and in this way succeeeded in running 
the plant with much less worry and trouble than was possible the 
preceding season. The number of asterionella per cubic centimeter 
ran well into the thousands for several weeks, with a maximum of 
7 200, and the organisms did not entirely disappear until the 
middle of June. 

After the disappearance of asterionella the filters ran better 
probably than they had for any other period during the preceding 
seasons. For most of June and a part of July so little work on the 
beds was necessary that it was hard to find enough to do to keep 
the men busy, although during a part of the time there was con- 
siderable anabaena in the reservoir water. The epidemic was not 
of as long duration as was the one of the preceding season and was 
not as severe. 

Later in the summer coelosphaerium again put in its appearance, 
although not in very high numbers. The water was fairly dirty, 
but pretty easily handled, and the filters went without very much 
attention other than an occasional scraping until about the first 
of September. During this time the reservoir was steadily dropping 
and the experience of the preceding summer in the removal of 
color and iron was repeated. The filters were, if anything, even 
more efficient, and an average of over 55 per cent. of color removal 
was obtained for the months of July, August, September, and 


October. 


Owing to a continuation of the long dry spell which maiie the 
past year famous, the reservoir dropped steadily throughout the 
rest of the year. During the latter part of September, all of 
October, and the first part of November operation of the filters was 
more or less difficult. This was due probably to a combination of 
causes. The water in the reservoir was as dirty as it had been at 
any time for several years. Anabaena, ccelospherium, and 
asterionella were all present in rather large quantities and the 
water had a disagreeable taste and odor. The second factor was 
the low stage of the reservoir. The pump that supplies the filters 
is a centrifugal pump of 20 000 000 gallons capacity in twenty-four 
hours and is supplied by water through a 36-inch suction from the 
reservoir. When the filters were built the suction had been ex- 
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tended into as deep water as could be secured without going to a 
great deal of trouble and expense. The water became so low that 
it was necessary to float a large platform over the end of the suction 
to keep down the swirl which resulted from pumping. This plat- 
form seemed to throttle down the discharge of the pump to a 
considerable degree and it became necessary to pump twenty ‘and 
twenty-one hours a day to get the amount of water needed for the 
city. Without the platform it would have been impossible to have 
operated the pump at so low a stage, as air entering through the 
swirl would have caused the pump to drop its water. The long 
hours of pumping destroyed to a certain extent the intermittent 
action of the beds, as a filter unless fairly clean would fail to un- 
cover in the four hours which the pump was shut down. This fact 
rendered raking difficult, as too much time was lost in raking down 
the water to allow the bed to dry out properly. Even with a 
large force of men the beds became very dirty during the last part 
of the period. Notwithstanding the severe conditions under which 
the filters were operating, the water at all times was of a good 
quality, probably as good as had been secured during the rest of the 
year. 

Finally, early in November, the reservoir reached the stage below 
which it was impossible to operate the pump any longer. The 
platform rested on the top of the intake box and there was less 
than eighteen inches of water over the top of the pipe. Several 
times during the last few hours of pumping the pump started to 
race and the engineer expected every time that he would have to 
close down. It was thought best to take no further chances and 
the pump was accordingly shut down. 

The effect of stopping the filters was noticed very quickly in the 
city and complaint was very generally made as to the quality of 
the water. The water was really extremely objectionable and 
dealers in spring water did a thriving business until the coming of 
cold weather. The people were told that the water was no worse 
than that which they had used in a good many preceding years, 
but it was hard to make any one believe the statement. The use of 
good water for three years had educated the people of Springfield 
to the advantage of a good supply, and satisfaction is generally felt 
in the city that the completion of the Little River supply is near 
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at hand. Even the most bitter opponents of Little River have 
finally given in and now seem to feel that the city was wise in 
looking for a new supply. 

Now that I have covered in a general way the experience which 
we have had during several seasons, I will describe the process of 
raking and scraping. After a bed had been in use for a few days it 
is shut off at night and left off the following morning, until it has 
thoroughly dried in the sun. Then the men are sent on to it with 
heavy long pointed iron garden rakes, and they give the top a 
thorough raking. This breaks up the coating into a fine powder 
and opens the pores of the sand. A bed thus treated delivers as 
satisfactory a water as a bed which has just been cleaned, and 
works about as well. The dirt in the water does not seem to pene- 
trate very much deeper on account of this treatment, but it does 
make the scrapings somewhat heavier, and I was always careful 
not to use this method too frequently. During the period that 
anabaena was in the water I used it very little as I always kept in 
mind the experience of the State Board of Health. It was ex- 
tremely efficient, however, during the time that asterionella was 
prevalent, and during periods in which there were few organisms in 
the water I tried not to have more than one or two rakings before 
scraping, but during the first fall when we had so much rain this 
was not always possible. The scrapings then became very heavy 
and the cost of operation may have been even increased by this 
process. It could not be helped, however, and the running of the 
beds at all during that time was probably due to raking. 

The process of scraping is different from that in use in other 
places, in that a hoe is used instead of a wide shovel. The use of 
a shovel was found impracticable on account of the large number 
of stones in the sand. A much thinner layer is removed and the 
work is done more easily with the hoe than with the shovel. The 
dirty sand is collected in long rows and is wheeled from the beds 
by wheelbarrows, being wasted over the bank into the reservoir. 
It will be easy to understand that this method of scraping is much 
more costly than in a filter where there are mechanical devices for 
moving the dirty sand. This is the only method justifiable in a 
plant of this kind where it was desired to purify the water as fully 
as. possible with a small outlay of money. I have always con- 
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sidered the plant a very wise expenditure of a little over $50 000. 
After the scraping is completed the surface of the bed is very 
thoroughly raked and smoothed over with heavy rakes. This 
raking is more thorough and is much harder than that given to a 
bed between the period of scrapings. 

It is a little hard to say just what the period of a bed is as the 
time varies so greatly with the quality of the water. I have seen 
a bed operate for almost three weeks without even a raking. On the 
other hand, at the end of four days scraping has been necessary. 
These are probably about the two extremes, and ordinarily they will 
run about ten days between scrapings, with a raking in the middle 
of this period. 

With the three years of operation of the Ludlow filter it is 
possible to get something on the cost per million gallons furnished 
to the city. The consumption data is a little uncertain, but we 
have used for a basis figures which we obtained several times by 
loss from the clear water basin when the filter was shut down for 
twenty-four hours. These agree very closely with what the con- 
sumption of the city has been estimated in other ways. The 
average figure for three years shows a cost of $5.73 per million 
gallons of water delivered to the city, exclusive of interest and 
depreciation on the investment. As the entire construction cost 
of the four acres of filters was $50 723.94, the interest on this 
amount does not add materially to the figure. It is a little hard 
to tell just what depreciation should be figured, as the plant is 
only a temporary one. When the filters are brought back to 
grade the plant will be practically as good as new. This will 
probably be done as the supply is to be held against possible use in 
the future. After the cost of this work is known, more reliable 
figures can be obtained. Even if the plant should be considered 
wiped out at the end of four years it would not bring the cost of 
filtration per million gallons very much in excess of that of some 
other places, and if a reasonable rate of depreciation is taken the 
cost will compare very favorably with that of other filters. At 
any rate, the investment has certainly been a very wise one. 
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DISCUSSION. 


Mr. Wiuu1aM 8. Jonnson.* I would like to ask if any more 
trouble, than usual was experienced, after the filtered water was 
introduced, from a coating of organic matter becoming attached 
to the inside of the pipe? 

Mr. Story. As far as we have ever been able to find out there 
has not been any trouble. The water has always been free from 
sediment and low in color. We have noticed one effect of the 
filtered water, and that is the difference in iron. On following 
down the pipe line, taking samples at different points, we have 
found that the filtered water takes up iron as it goes through the 
pipe, but by the time it has reached the city it begins to drop it 
again, so that there is an action of that kind on the inside of the 
pipes. 

Mr. J. WaLpo Smiru.f I would like to ask about the efficiency 
of the aération in improving the water as it comes from the reser- 
voir before it is introduced on to the beds. 

Mr. Story. In that connection, I may say that during the en- 
tire summer we measured the dissolved oxygen in the reservoir 
water, and during the worst periods the per cent. of saturation has 
dropped down, as I remember it, to about 35 per cent. Even 
during those periods the filtered water taken from the small drains 
would have a saturation of from 80 to 90 per cent., depending 
upon just how clean the bed was. A bed which had just been put 
on would run about 90 per cent., and‘as it grew dirty it would ap- 
proach the condition which the State Board of Health found. If 
the water went through slowly, too much oxygen was removed. I 
always tried to watch the water in the small drains, and if the 
saturation dropped below a point of about 75 per cent. I would 
hurry up scraping and get that bed off as quickly as I could, for 
I was afraid that there might be a period when the water would 
not be good. I found, however, that that limit was always on the 
safe side. 

Mr. SmirH. Was there any effect on the organisms as the re- 
sult of aération, either removing them from the water or changing 
their character? 


* Sanitary and Hydraulic Engineer, Boston, Mass. 
t Chief Engineer, Board of Water Supply, New York, N. Y. 
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Mr. Story. I don’t know as to that. I always thought that 
the aérator acted in three ways: That it put oxygen into the water 
so that the filters would run better; that it broke up the organic 
matter more or less and probably rendered it more easily handled 
by the filter; and that it oxidized the iron so that the iron was re- 
moved during filtration. I might say that we have discovered 
anabaena in the filtere| water but once, when we found one 
straggling strand in the sample which was taken on the day that 
the reservoir water was the worst. We have found a little aste- 
rionella at one time and another, but not in any appreciable num- 
ber; and we have found a few colonies of ccelospherium. With 
these exceptions, the filtered water has been entirely free from 
microscopical organisms of any kind. 

Mr. Rospert 8. Weston.* I would like to ask Mr. Story if the 
introduction of this better water has had any effect upon the 
spring water business in Springfield? 

Mr. Srory. Ithink that it has, although I have no statistics on 
that point. I know that a great many people who had always used 
spring water in the summer gave it up after the filters were started. 
This fall, after we shut down, all the old dealers, some of whom had 
retired from the business, started in again. The Consolidated Ice 
Company, big dealers in ice, started up their artesian well and did a 
large business during the time when the reservoir water was bad. 

Mr. Wiiuiam 8. Jonnson. I would like to ask if you have 
any evidence that the filters would not have done their work if 
the water had not been applied intermittently; if they had been 
run continuously between cleanings? 

Mr. Story. That question is a little difficult to answer, inas- 
much as the filters were always run intermittently‘and were given 
as much time to rest as we could give them. My impression is 
that they would not take care of the water as well at times with- 
out the aération of intermittent filtration. The operation be- 
came pretty difficult this last fall, when the plant could only be 
shut down four hours a day so that the intermittent action 
practically ceased. I think that we were reaching a stage where 
they could not have taken care of the dirty water that existed at 
the time we shut down for the winter, unless more of a rest could 
have been given to the beds each day. 


* Sanitary Expert, Boston, Mass. 
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Mr. Jounson. The reason I ask that question is that two vears 
ago I constructed filters at South Norwalk, Conn., for the treat- 
ment of a water very similar to that of Springfield. I think the 
water from the South Norwalk reservoir was worse, if it could be 
worse, than the water from Ludlow reservoir. The filters were 
built after the designs of Mr. H. W. Clark, and the plans provided 
for double filtration and aération. The work was partly completed 
last spring, but as the appropriation was exhausted, only the 
primary filters were filled with sand. 

The primary filters were started last May, and have been operated 
continuously at a rate of about 3000000 gallons per acre per 
day. As nearly as I can learn, they have given excellent satis- 
faction even with the single filtration, although the water has 
been about as bad as during any previous season and certainly 
worse than the Springfield water has been since the filter was 
started. There was, however, one short period of a few days 
when some complaint was made in regard to the odor of the 
water in certain parts of the city. That was just at the last 
of the epidemic of anabaena, and it was evident that if the 
epidemic had continued there would have been trouble all over 
the city, 

Mr. Harotp K. Barrows.* As to the kind of gravel or sand 
used in the filling of the filters, I think Mr. Story said that the 
effective size was made 0.3 millimeter, and that the car loads 
were sampled and tested and a rough analysis made on which 
to base the acceptance or rejection of a particular car load Was 
this figure the result of experiment, or just why was it used? 

Mr. Story. I do not know that I can answer that question, 
as I was not there at the time. I think that was the figure which 
Mr. Hazen considered to be about the proper one for the con- 
struction of this plant. The average was probably somewhere 
around 0.3 millimeter. I have found analyses of car loads which 
are down below 0.2, and some of them would go considerably 
above 0.4, but there wasn’t any great quantity of sand which 
went below 0.25 and not very much which went in above 0.35. 
It was pretty fairly uniform. 

I might say in regard to the question of aération, that Mr. 
Hazen has considered the aérator efficient enough so that one of 


* Hydraulic and Sanitary Engineer, Boston, Mass. 


i 
| | 
| 
] 
| : 
i 
3 
| 
i 3 


DISCUSSION. 249 


the features of our new filter on the Little River supply is an 
aérator which is to be run before filtration at any time that there 
is any taste or odor in the water. There is enough head at the 
plant so that this can be put in, and it will be used when it is 
deemed necessary. 

Mr. Harry W. Crarx.* I think Mr. Story made a mistake in 
speaking about the filters the State Board of Health operated at 
Ludlow. I think he stated that all those filters failed, at least 
during some part of their period of operation. My remembrance 
is that, of a dozen filters operated there, only one failed during 
any part of its operation, and that was when the epidemic of 
anabaena was at its height, and we always considered that failure 
a rather abnormal occurrence. But even at that time the effluent 
when aérated had very little odor, and the secondary filter that 
we were operating removed the slight odor remaining. 

Those early experimental filters did just what Mr. Story says 
the present Ludlow filters do, they remove from 30 to 85 per 
cent. of the color during the worst period of the summer. That 
is, the worse the water was in the reservoir, the more iron it 
contained; and the more anabaena, the better was the color re- 
duction by the filters, owing to the precipitation of this iron over 
the surface of the filter and the coagulation of coloring and other 
organic matters by this iron. 

I make the following quotation from my report upon the en- 
periments at Springfield on pages 352 and 353 of the report of 
the State Board of Health for 1901: 


REMOVAL OF ORGANISMS. 


‘From the beginning of the period of operation of the large filter, 
namely, December 21, 1900, — until August 21, 1901, very few 
organisms were found in its effluent, and these few were ‘chiefly 
Diatoms and Zodéspores. Beginning, however, on this latter date, 
there was a period of poor operation of the filters, owing to the va- 
rious causes already stated, during which anabaena passed through 
the filter, and upon several days in large numbers. This period 
lasted until September 17, after which time the effluent was free 
from organisms. None of the organisms that passed through this 
filter, however, passed through Filter G, receiving this effluent, 
and it is especially noticeable that Filter C, operating at a higher 
rate than the large filter, and receiving also reservoir water, al- 
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lowed no organisms to pass through it, even during the period 
when the reservoir water was in its worst condition, its good work 
in this respect being due undoubtedly to the fact that by better 
operation of the filter no disturbance of the sand had occurred. 
Filter E also eliminated all organisms reaching it in the applied 
water. 

REMOVAL OF ODOR. 

“Summarizing the discussions upon this point given upon pre- 
vious pages, it has been found that practically all positive 
odors were removed by single filtration except during the period 
of high numbers of anabaena and fermentation of organic matter 
in the reservoir. During this period single filtration through sand 
filters at rates of 2 500 000 and 5 000000 gallons per acre daily . 
failed to remove the odors, but double filtration, even with the 
secondary filter operating at a rate of 10 000 000 gallons per acre 
daily, was entirely successful in removing all odors remaining in 
the water that had passed through the primary filter, although 
this primary filter was poorly operated at this time. This result 
was aided by the aération of the water before passing to the sur- 
face of the secondary filter.” 


I should like to say a word or two, also, in regard to the removal 
of coloring matter by the precipitation of the iron present in the 
Ludlow water during these experiments. The fact that this color 
removal by the iron was recognized by us was unfortunately not 
mentioned in the report of the operation of those filters, and 
hence it has been claimed that we failed to observe this phe- 
nomenon. However, if any one will take the pains to read previous 
reports of the State Board of Health he will find that at the ex- 
periment station during 1900, for instance, water made highly 
colored by keeping in contact with decaying organic matter was 
afterwards placed in contact with iron “to see if enough iron 
would be taken into solution by the dissolved gases of the water 
to subsequently coagulate and precipitate as hydrate, carrying 
the coloring matter with it.””. (Page 459, Report of 1900.) Con- 
siderable work of this sort was done in that year previous to the 
work at Ludlow, and in the Report for 1899, in an article on the 
“Occurrence of Iron in Ground Waters and Experiments upon 
Methods of Removal,” considerable discussion is given of the re- 
moval of organic matter in colored ground waters by the oxidation 
and precipitation of the iron present. 
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Mr. Srory. Mr. President, I was not aware that I had made 
a mistake in mentioning the fact I did. I had always considered 
that because Mr. Blake recommended in the way he did against 
filtration of the Ludlow water, and the fact that the State Board 
of Health had seconded his recommendation, that filtration was 
considered a little doubtful for Ludlow. I realize that the filters 
did, with one exception which Mr. Clark speaks of, take pretty 
good care of the water during the summer, and perhaps I ought 
to qualify the statement I made before to that effect. Without 
the aération the filters would not take care of the water. 

Mr. Ciarx. I think the State Board of Health did consider 
it doubtful that filtration of the Ludlow water was the right 
thing to do at Springfield. I never had any doubt myself that 
double filtration of the Ludlow water would produce satisfactory 
effluent. I thought single filtration would generally. I think 
the speaker stated, however, that Mr. Hazen felt rather doubtful 
about the results of these filters when he built them, although he 
knew they would improve the water, as they did. 

Mr. Story. Mr. Hazen stated at a meeting in 1907, in Spring- 
field, that he did consider the Ludlow filters more or less of an 
experiment. I think his words were something like these: That 
he knew the plant would do a great deal for the water, but he 
didn’t know how much, and that the chief difference between 
the Ludlow filters and the State Board of Health filters was that 
the people would be the ones who would judge, and the analyst 
at the plant would not be the man who would determine the 
success or failure of the filters. 

Mr. Frank L. Fuuuer.* I would like to ask if the water after 
it is filtered is pumped to a distributing reservoir. 

Mr. Srory. No, sir; it is not pumped. The old basin, which 
was originally a part of the reservoir, is used as a clear water 
basin. The water is pumped from the reservoir through the 
aérator on to the beds, flows down through the underdrains into 
the big drain, and out through a flume into the middle of the 
storage and equalizing basin. I might say in that connection that 
I always tried to keep down the amount of water which was 
stored during the summer when the weather was pretty hot, so that 
there wasn’t much more than a day’s supply on hand. During 
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the fall, when there wasn’t so much trouble with the growth of 
organisms in the filtered water, I would keep considerably more 
on hand — between two and three days’ supply. 

Mr. Jonnson. Did you get any growth in the basin? 

Mr. Story. We did at times, but the growth would disap- 
pear as we cut down the amount of water in the basin. If I 
found that anything was starting to get a foothold in the basin, I 
cut down the hours of pumping for the succeeding two or three 
days, and dropped the amount of water we had on hand. I 
might say that the water delivered to the city is not quite as good 
as the water which is freshly filtered. There is some deterioration 
on standing in the sunlight, but not enough so that it-is of any 
great consequence. The water in the city has always been prac- 
tically tasteless and odorless. If this had been built for a perma- 
nent plant, the basin would probably have been covered over, 
but it could not have been done without a great deal of expense, 
and that expense wasn’t thought worth while. 

Mr. Georce H. Snety.* I would like to ask Mr. Story with 
regard to the economy and efficiency of the pump. We have a 
similar pump in Attleboro. 

Mr. Story. The pump which we have is a centrifugal pump 
run by a steam turbine. The data at hand are a little indefinite. 
The pump, as I said, is rated at 20 000 000 gallons in twenty-four 
hours, and we never have been able to devise a way of measuring 
just what the pump would throw. We tried to use the method, 
which is described in one of the Proceedings of the American 
Society of Civil Engineers,t} of measuring the head that exists on 
top of the 30-inch discharge pipe, and in that way to get an idea 
what the discharge was. But there is an elbow in the pipe right 
down below the aérator, which so affects the discharge that it 
is considerably higher on one side of the pipe than it is on the 
other. We guessed as well as we could at the mean and worked 
out results from that with the formula which was given in the 
paper. We were reasonably certain from the data which we got 
that the pump would throw considerably over 20 000 000 gallons 
in twenty-four hours, but how much more we were never sure. 
If the filters had concrete bottom and sides, we would have some 
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way of measuring the amount of water going into the basin, be- 
cause we have a weir on the end of the flume. Mr. Hazen told 
me once that 500 pounds of coal for 1000000 gallons of water 
pumped was considered an economical thing for a plant of that 
kind, and, as I remember it, we used something like 400 pounds 
of coal to 1 000 000 gallons of water. 
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THE WATERS OF THE GREAT LAKES.* 
BY R. B. DOLE.T 


Possibly no bodies of water are of greater interest to sanitarians 
and to chemical engineers than the Great Lakes which are held in 
common by the United States and the Dominion of Canada, for 
these inland seas furnish the water supply of more than, four 
million people in a hundred cities; they furnish water for the 
industrial establishments of these cities; and they furnish most of 
the boiler water for the enormous land and water traffic that joins 
the cities to each other and to the rest of the world. Such immense 
consumption of these waters makes their chemical composition a 
matter of great pecuniary interest and this interest is intensified 
by the fact that they supply, at least to the regions south of them, 
the softest waters available in sufficient quantity for urban con- 
sumption. <A study of their composition is also valuable from a 
scientific and a practical standpoint because their comparatively 
equable condition allows them to serve for a standard of compari- 
son with other waters in the northern region. 

In 1906, the Water Resources Branch of the United States 
Geological Survey commenced a study of the waters of the Great 
Lakes in connection with a rather extensive investigation of the 
economic value of surface waters in the United States. The pur- 
pose of this paper is to present a tabular statement of the mineral 
analyses that were made and a brief discussion of them. One- 
gallon samples were collected monthly for a year from each lake 
at a point where it was expected that the water represented the 
normal quality of the discharge. Unfortunately, transportation 
facilities and the necessity for insuring regular collection prevented 
the location of sampling stations at the most desirable points. 
Nevertheless, it is believed that the analyses are of normal lake 
water with possible exception of the Lake Michigan results. 

The samples of Lake Superior water were taken from St. Mary’s 
River just above the locks at Sault Ste. Marie, Mich.; the 


* Published by permission of the Director, United States Geological Survey. 
+ Assistant Chemist, United States Geological Survey, Washington, D. C. 
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Lake Michigan samples were collected from a ferryboat in the 

Straits of Mackinac; St. Clair River was sampled in midstream at 

Port Huron, -Mich.; water from Lake Erie was procured at the 

Buffalo (N. Y.) water-works intake; and the St. Lawrence River 

was sampled at Ogdensburg, N. Y., since no streams of size enter’ 
between that city and Lake Ontario. The waters were shipped in 

special containers to the water-testing laboratory at Washington, 

D.C., and were analyzed from one to three months after the date 

of collection. The analytical data are presented in Table 1. 

The analyses are stated in ionic form in parts per million, and the 
terms are self-explanatory. It is hardly necessary to detail the 
methods of analysis; suspended matter was removed before the 
samples were evaporated; the procedures recommended by the 
Committee on Standard Methods of Water Andlvsis were followed 
when practicable, the other estimates being made in accordance 
with methods generally recognized. On account of the lapse of 
time between the dates of collection and analysis, the nitrate 
figures probably do not represent the actual condition of the lake 
waters, but it is believed that most of the other estimates are within 
five per cent. The average total error of the analyses is about one 
per cent. 

The most noticeable feature in a cursory examination of the 
analytical data is the slight variation in the concentration of 
the waters from month to month. From consideration of the 
figures for dissolved solids it can be seen that the total variation is 
only eighteen parts per million, or 15 per cent. An annual 
fluctuation of 15 per cent. in the concentration of a surface water is 
very small inasmuch as rivers of ordinary size may vary 200 or 300 
per cent., and even large rivers like the Mississippi change 50 per 

<cent. in their mineral content during the year. The average 
monthly fluctuation in the discharge of the Great Lakes is con- 
siderably more than 15 per cent., ranging from 40 per cent. in St. 
Mary’s River to 27 per cent. in St. Lawrence River at the foot of 
Lake Ontario. In other words, the chemical composition of the 
water discharged does not bear a fixed proportion to the amount of 
water discharged. The reasons for this comparative steadiness in 
concentration are probably the absence of large tributaries and 
the low ratio between the areas of the drainage basins and the lake 
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surfaces. The land surface tributary to the Great Lakes forms 
but a narrow rim around them. In fact, the water surface above 
Rochester, N. Y., is one third of the total drainage area, a condition 
that prevents the entrance of large rivers bringing in waters of 
fluctuating mineralization from affecting the quality of the lakes, 
and which at the same time affords excellent opportunity for the 
mixture of waters from small affluents. Yet the fluctuation in 
total solids, though small, is real and deserves consideration. 
Comparison of total solids with the average monthly stage of the 
several lakes at the time of collection shows a general, though by 
no means regular, correspondence of the two figures. The lakes 
are usually lowest during the winter months and many high values 
of total solids are observed during that period; on the other hand, 
several periods of high mineralization occur during the periods of 
high water. The reason for this is not exactly clear, but some light 
is thrown on it by comparing total solids with total precipitation 
determined at the meteorological stations nearest the sampling 
points. <A plot of these two sets of figures shows much greater 
coincidence than the comparison of water stage and total solids, 
and it is found that total solids is inversely proportional to the 
precipitation in the majority of cases. This leads to the conclu- 
sion that local rains dilute the upper strata of the lakes, and that, 
as a consequence, samples of water, even when taken from the 
narrow lake outlets, may often reveal the effects of such dilution. 

Table 2 brings together for comparison figures showing the 
average quality of the lakes. 

Though the lake waters do not change very much from month 
to month, they differ a great deal from each other in their coneén- 
tration. Lake Superior is least strongly mineralized. Lake 
Michigan is twice as high in total solids and Lake Huron is only a 
little less mineralized than Lake Michigan. Lakes Erie and On- 
tario are practically alike in their mineral content, having about 
two and one-half times as much solids in solution as Lake Superior. 
The chief reason for this constant and striking difference is the 
dissimilarity of the geologic formations in the basins tributary to 
the lakes. All around Lake Superior igneous and crystalline 
rocks predominate, granite, schist, gneiss, and basalt occurring 
in great abundance. Since these silicate rocks are hard and 
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TABLE 2. 
THE AVERAGE QUALITY OF THE GREAT LAKES.* 


PARTS PER MILLION. 


Lake 
Michigan. 
River. 
Lake Erie. 


Lake 
Superior. 
St. Lawrence 


| Lake Huron. 


Silica (SiO,) 


w 


Owh 


Magnesium (Mg) 

Sodium and potassium (Na+ Kk). 
Carbonate radicle (CO,)........ 
Bicarbonate radicle (HCO,)..... 
Sulphate radicle (SO, ) 

Nitrate radicle (No,).. 

Chlorine (Cl) 

Salinity 


t 
bo 


difficultly soluble, Lake Superior receives few affluents bearing 
large quantities of dissolved matter. Lake Michigan and Lake 
Huron, on the other hand, lying on either side of the southern 
peninsula of Michigan, are affected by the drainage from the 
limestones and sandstones of the sedimentary series, and as a 
result their mineralization is greatly increased. Dilution by the 
softer water of Lake Superior is probably the reason why Lake 
Huron water is less mineralized than that of Lake Michigan. As 
stated before, it is possible that the samples of water from the 
Straits of Mackinac do not represent the actual quality of Lake 
Michigan water. Samples from the lake at Milwaukee and at 
Chicago show somewhat higher mineralization and a slightly 
different composition of the mineral residue. Since lakes Huron 
and Michigan have practically the same water level and the straits 
are wide, it is probable that the wind could establish a westward 
current, thus mixing the waters of the two lakes at the sampling 
point. Lake Erie water in its increased mineral content evidences 
the continued effect of calcareous sedimentary formations. Lake 
Ontario, being small in comparison with the rest of the system, 


* The above figures are averages of ten or more analyses from each lake. 
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and being surrounded by formations similar to those around Lake 
Erie, does not have much effect on the concentration of the effluent 
and may be regarded as merely an expanded outlet of Lake Erie. 
It is probable that forestration, sedimentation, and the relation of 
rain-fall to run-off also influence the relative composition of the 


lake waters. 
TABLE 3. 


AVERAGE CHEMICAL COMPOSITION OF THE MINERAL MATTER IN THE GREAT 
LAKEs.* 


PER CENT. OF ANHYDROUS RESIDUE. 


Source. 32 | | 3& 

22.4 | 22.3 | 22.1 23.5 | 23.4 
Sodium and potassium (Na+K).. 55 4.1 4.1 4.8 4.9 
Carbonate radicle (CO,).......... 47.5 | 47.4 49.6 45.7 44.8 
Sulphate radicle (SO,)............ 3.6 5.8 6.1 9.1 9.8 
Nitrate radicle (NQ,)............ | 0.9 | 0.4 0.2 0.2 0.2 
Ferric oxide (Fe,O,).............| 0.1 | 0.0 | 0.0 0.0 | 0.0 

| 108 132 


Not only do the lakes differ in mineralization, but the upper and 
lower lakes are dissimilar in the composition of the material dis- 
solved in them, as shown by Table 3. They are all essentially 
calcic carbonated waters with the sulphates and chlorides sub- 
ordinate. The composition of the three upper lakes is practically 
the same, showing only a slight reduction in per cent. of silica and 
a corresponding increase in magnesium and sulphates in Lake 
Huron. The two lower lakes are nearly alike, but the character of 
the drainage water in the lower part of the system materially 
affects the composition of the lake waters by decreasing the per 
cent. of silica and carbonates and doubling the per cent. of sul- 
phates and chlorides, thereby making the waters less desirable 
for industrial use. 


* The above figures are averages of ten or more analyses from each lake. 
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_ Before leaving the composition of the dissolved matter, it may 
be allowable to diverge long enough ‘to consider the chlorine con- 
tent of the lakes in connection with human contamination. The 
average chlorines are as follows, in parts per million: Lake 
Superior, 1.1; Lake Michigan, 2.7; Lake Huron, 2.6; Lake Erie, 
8.7; St. Lawrence River, 7.7; the chlorine content increasing 
from west to east. Lake Erie at Buffalo carries six parts per 
million more chlorine than Lake Huron at Port Huron. The popu- 
lation of the drainage system increases in density from Duluth 
eastward and it is, therefore, interesting to consider the influence 
that the chlorine of civilization has upon the lake waters. In 
Table 4 the chlorine due to this cause has been calculated in parts 
per million. The figures representing population have been esti- 
mated from the best obtainable sources and two thirds of the popu- 
lation of Chicago has been deducted from the total for Lake 
Michigan basin, since the sewage of Chicago is discharged south- 
ward. The amount of chlorine contributed per person per day 
has been taken as 0.045 pound, the figure used by Stearns * in his 
estimates for the Massachusetts State Board of Health. 


TABLE 4. 


CHLORINE DUE TO HuMAN CONTAMINATION. 
Equivalent in 
Lakes. Estimated Discharge Chlorine. Parts 
Population. Sec.-Feet. per Million. 


Superior 400 000 72 0O00F 0.05 
Huron and Michigan..... .... 2400000 195 000; 0.10 


This table needs no comment; the last column proves how little 
effect population has upon the chlorine content of the Great Lakes. 
If all the people in the United States and in the Dominion of 
Canada were living in Lake Erie Basin alone, the resulting increase 
in chlorine would not equal the present difference between the 
chlorine contents of Lake Erie and Lake Huron. The increase in 
chlorine is undoubtedly due to solution of salt deposits and of 


* Stearns, F. P.: Report Massachusetts State Board of Health, 1890, Pt. 1, p. 680. 
+ Regulation of Lake Erie. United States Engineer Corps, H. R. Doc. 220, 56th Cong., 


Ist Sess., p. 7. 
t Survey of Northern and Northwestern Lakes. War Dept., Engineer Corps, Bull. No. 18, 


1808, p. 330. 
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chloride-bearing rocks in the sedimentary formations lying in 
Lake Erie Basin. : 

Comparison of the lake analyses with those of tributaries to the 
system demonstrates that the lakes are almost invariably softer 
than their affuents. The reason for this difference is apparent; 
since the lake surfaces are large in proportion to their corresponding 
land drainages, a great part of the rain falls directly into the lake 
waters and dilutes them; on the other hand, rain falling upon the 
land surface becomes more or less impregnated with mineral salts 
before it reaches the lakes in the normal run-off. This is an im- 
portant point in the industrial consumption of lake water and 
shows the advantage of locating intakes outside the influence of 
tributary streams. The extent of the difference in mineralization 
may be seen by consideration of Table 5, which gives the average 
total solids of a few tributaries of this system. The list might be 
greatly extended if necessary or desirable. 


TABLE 5. 
AVERAGE Tora. Souips, TRIBUTARIES OF THE GREAT LAKES. 


Average Totals Solids. 


River. Location. Parts per Million. - 
Grand Grand Rapids 258 
Kalamazoo _ Kalamazoo 242 
Maumee Toledo 298 
St. Louis Cloquet 137 


Grand River at Grand Rapids and Kalamazoo River at Kala- 
mazoo carry over twice as much mineral matter in solution as 
Lake Michigan, into which the rivers flow. St. Lawrence River, 
which enters Lake Superior at Duluth, is nearly three times higher 
than the lake in total solids. St. Clair River, with an average dis- 
charge two hundred times greater than that of Maumee River, 
brings only fifty times more dissolved matter into Lake Erie. 
These computations have taken no account of suspended matter, 
which is very high in many of the streams entering the Great 
Lakes. The suspended matter brought into the lakes is practically 
all deposited by sedimentation, so that the waters are not turbid 
except when they are locally agitated by storms or by other 


agencies. 
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In conclusion, it may be said that the lake waters are low in 
mineral content and that they are normally free from turbidity. 
The nature of the dissolved constituents is such that the waters 
can be used for boilers and for most other industrial purposes 
without purification. The small amount of iron, sulphates, and 
chlorides especially recommends the waters for industrial and 
domestic use whenever they can be economically obtained. 
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THE DEVELOPMENT OF THE CAMAGUEY WATER 
WORKS, CUBA. 


BY HENRY A. YOUNG, C.E. 
[Read September 9, 1909.} 


To those members of the Association practicing water-works 
engineering in the North, the description of the design and con- 
struction of a complete water works in the tropics may prove of 
interest. 

In a physical way, Cuba offers a rather difficult proposition for 
municipal water works. The island is approximately seven hun- 
dred and fifty miles long and varies in width from fifteen to eighty 
miles. As the rivers flow either to the north coast or the south 
coast, it can readily be understood that they are short. The 
majority of them are likewise subject to contamination. Still 
further, the dry season is protracted, and during this season the 
flow in the streams drops in many cases to the vanishing point, 
while in the rainy season there are floods after heavy rains that 
are apt to prove disastrous. In general, the term “ river” as 
used here is an evolution of Spanish courtesy, for most of the 
interior “ rivers’ would hardly fulfill the term “‘ creek ” as used in 
the North. 

From the financial or political side, works of this nature are 
facilitated by the fact that all public work is done by the general 
government. Local taxes supply the provincial and town govern- 
ments with barely enough money to cover running expenses, and 
it is only a few of the larger cities that have issued bonds for 
municipal work. The customs duties are collected by the general 
government, and much of the money received in this manner is 
used in public improvements all over the island. As a result, 
when a town or province finally gets a bill through Congress, the 
chances are that the appropriation will be entirely sufficient to do 
the work properly, and, of course, the locality does not suffer a 
direct drain on its resources. 
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In January, 1904, Congress appropriated $200 000 for pre- 
liminary studies and the getting up of a project for the Camaguey 
water works. Two years and a half later, it appropriated 
$600 000 more, making a total of $800 000. Two years were spent 
over the preliminary work, but the project developed was in- 
adequate. After the second appropriation had been made, a 
larger and better project was worked out, with the result to be 
described. 

Camaguey is a very old town, in fact, one of the oldest in the 
western hemisphere. The streets are narrow, from eight to ten 
meters wide, and very crooked. Sidewalks vary in width from 
a half meter to a meter and a half and are at irregular heights and 
grades. The population of the city is about thirty thousand. Up 
to the present, drinking water has been obtained partially from 
wells, but mostly by catching rain water and storing it in cisterns 
and large earthern vases called “ tinajones,” set up in the patios. 

No expense was spared in locating the supply for the new sys- 
tem. The country was examined for a radius of twenty-five miles 
around the city. There were several small creeks in the immediate 
vicinity, but as none of them had the capacity necessary, and as 
they all passed through a flat grazing country, more or less settled, 
they were contaminated and had to be discarded. It was then 
proposed to obtain the water by means of driven wells. This 
scheme, also, had to be abandoned, after an examination of the 
four driven wells in the city, for the following reasons: In the 
first place, there was no artesian effect on the ground water, and it 
was not known what the result would be if it was drawn upon by 
twenty to thirty wells. Secondly, the water is very hard, and 
in some of the wells has an obnoxious taste when warm. 

Ultimately it was decided to draw upon, the “‘ Rio Pontezuela 
Grande,” a good sized creek about 14 miles (23 kilometers) north 
of the town. This creek had a drainage area of about 80 square 
kilometers in a totally barren area of sabana, lying between two 
ridges of hills. It is not polluted because there is absolutely no one 
living within the district. The hills are composed mostly of a poor 
class of iron ore, and the sabana is fit for little but grazing, so the 
danger of future pollution is slight. Records of the discharge of 
this river show that even in the best years the flow will be at times 
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less than the supply required, and during the exceptionally dry 
seasons of 1906-1907 and 1907--1908 the discharge dropped to 
about one quarter of the normal supply required by the present 
population. However, this is the condition that would usually be 
found in Cuba, and as there was a fine site for a dam on a rock 
bottom, it is proposed to form a reservoir impounding a four 
months’ supply that will carry the city through any possible dry 
season. Fig. 1, Plate I, is a picture of the Rio Pontezuela Grande, 
taken within the reservoir site. 

In designing the system, a consumption of 60 gallons per capita 
per twenty-four hours was allowed. Considering the fact that for 
centuries the people of this town have lived on the limited supply 
of rain water that they could catch, this allowance ought to be 
sufficient. Further it has been the expectation to require meters 
on the house services from the start and thus prevent unnecessary 
waste. To provide for the future growth of the city an allowance 
of 54 per cent. increase in the population was assumed to occur 
within the next twenty years. This gave a population of 46 200, 
which will probably not be reached in that time, as this is a 
cattle district, with little chance for the development of manufac- 
turing. 

The complete system consists of a reinforced concrete dam at 
the headworks, with a large impounding reservoir; a reinforced 
concrete pump house containing a vertical triple expansion pump- 
ing unit; about 6 kilometers of 18-inch cast-iron force main; a 
double tank; reinforced concrete covered reservoir; about 17 kilo- 
meters of 20-inch cast-iron supply main, and the city distributing 
system. At the time of writing, all of this work is practically 
completed with the exception of the pumping plant and the dam. 

The concrete-steel dam will be 278 meters long and 104 meters 
high. This type was determined upon as being best suited to the 
locality, largely because the headworks are 23 kilometers away 
from the city over exceptionally bad roads or trails, which are 
almost impassable in the rainy season. Consequently, the hauling 
of materials is an important item in the total cost. Also, there 
was good concrete rock right on the site of the dam, so that practi- 
cally the only materials that will have to be hauled will be the 
cement and steel. Unfortunately, a new appropriation will have 
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PLATE I. 


Fig. 1. THe Rio PONTEZUELA GRANDE; WITHIN. THE RESERVOIR SITE. 


Fig. 2. METHOD OF ERECTING THE TELEGRAPH POLES. 
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to be obtained for this dam, and so its construction will probably 
be delayed a year or two. It is, however, an essential feature of 
the complete system and will be built before the entire town is 
served with connections. 

In determining the size of the 20-inch supply main it was 
assumed that the rate of flow during the hours of maximum con- 
sumption would be 50 per cent. in excess of the normal. For the 
normal delivery at the future population of 46 200 the main would 
have to carry 2 772 000 gallons per twenty-four hours, and allowing 
for the 50 per cent. increase during the hours of maximum con- 
sumption, or at the rate of 90 gallons per capita per day, the total 
maximum discharge of the main would be 4 158 000 gallons per 
twenty-four hours. The loss of pressure for this discharge was 


52 
figured by Bernoulli’s theorem, h=4j— a. and found to be 88.96 


feet. This loss was increased by 60 per cent. to cover future 
deterioration in the pipe line in the next twenty years, or an allow- 
ance of 15 per cent. for each period of five years, as recommended 
by Coffin, Weston, and others. The static head between the tanks 
and the entrance to the city is 244.43 feet. The total head lost 
by friction, including 60 per cent. for deterioration, will be 142.29 
feet. This will leave a pressure at the entrance to the city, during 
the hours of maximum consumption twenty: years hence, of 
102.14 feet, or 44.33 pounds per square inch. The velocity in the 
supply main under the discharge of 4 158 000 gallons per twenty- 
four hours will be 2.95 feet per second. For the present population 
of 30000 during the hours of maximum consumption, or at the 
rate of discharge of 2 700 000 gallons per twenty-four hours, the 
effective-pressure at the entrance to the city will be 205.1 feet, or 
88.9 pounds per square inch. It will be seen that the city will 
start out with a very good pressure, and it is hoped that the 
assumed conditions for the future have been taken so high as to 
never be actually reached. 

In determining the size of the 18-inch force main the same 
principles were used as in the supply main. The amount of water 
required by the present population of 30000 people, or 1 800 000 
gallons per twenty-four hours, was taken as a basis, to be pumped 
in fourteen hours. For future increase it was considered that the 


bay 


268 DEVELOPMENT OF THE CAMAGUEY WATER WORKS. | 


pumps could work double shifts up to a total of twenty-two hours, 
if ever required. The static head, including suction, was found to 
be 296.6 feet, and the friction head, plus 60 per cent. to cover 
deterioration, 58 feet. There was a small velocity head of 0.11 
feet, making a total head against which the pumps had to work 
(as a maximum) of 354.7 feet. The velocity of flow in the main 
under these conditions was 2.7 feet per second. 

Throughout the force main and supply main air vents, consisting 
‘of 1-inch globe valves located in concrete boxes, are placed on 
every summit; and 6-inch blow-offs are located in manholes at the 
sumps. Stop valves are located about every third kilometer, so 
that the various sections of the line can be isolated in case of 
trouble. A strip of land 10 meters wide has been purchased 
throughout the entire length of the line. 

As before mentioned, the pumping plant has not yet been con- 
structed and there has been more difficulty in this one branch of 
the work than in all the rest put together. It was first proposed to 
install two units, with provision for a third, consisting of four- 
stage centrifugal pumps, gas engines, and suction gas producers. 
The pumps would have had a water horse-power each of 96.3. 
Assuming an efficiency of 70 per cent. for the pumps and 5 per 
cent. loss in the belt, the brake horse-power of the engines would 
have been 145. The capacity of the pumps was taken as 1075 
gallons per minute against the head of 355 feet. Plans were gotten 
up on this basis, which included a concrete steel pumping plant, 
but after hanging fire for about a year they were rejected by the 
Secretary of Public Works, who stated that his action was taken 
after a study of the Palatino pumping plant at Havana which was 
of similar design and had been in operation about a year. This 
plant, it was claimed, had never given entire satisfaction. The 
secretary then had plans prepared in his own office for a plant con- 
sisting of one triple expansion high-duty pumping engine and 
auxiliaries, two water tube boilers, and one fuel economizer. The 
building was also of concrete steel with provision for the installa- 
tion of a second unit later. Bids were opened on December 28, 
1908, for this steam plant, but a contract has not yet been let; and 
it is understood that the new secretary, who has just come in with 
the recently formed Cuban government, will reject all bids, con- 
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sidering them excessive. The future only can decide what will be 
the final style of plant adopted. However this much-mooted 
question may be settled, it is certain that the building for the 
pumping plant will be of concrete-steel, for the same reasons as 
given for the proposed dam. It is quite likely that a temporary 
pumping plant will be installed so as to furnish the city with water 
shortly, until the final plant can be built. As there will be prob- 
ably only a few hundred connections made during the first year 
of operation, a pump from one of the other projects on the island 
could be used and worked day and night at no great inconvenience 
or expense, and the system thus put into operation. 

The double tank concrete-steel reservoir is located on the top 
of a hill called the “ Punta de Garcia.”” Each tank is 30 meters 
square by 4 meters deep under the beams. The two tanks together 
have a capacity of 1 800 000 gallons, which is the normal amount of 
water required per twenty-four hours by the present population of 
30 000 people. The tanks are arranged with an inlet chamber or 
gate house at the end of the 18-inch force main and an outlet gate 
house leading to the 20-inch supply main and the city. The struc- 
ture is set half in the ground and half out, but a bank is raised 
around the outside to within a meter of the top. Both tanks can 
be used together or either one separately, thus permitting of 
cleaning. There is also a direct connection through the tanks from 
the force main to the supply main so that water can be pumped 
direct to the city if required. The entire structure is of rein- 
forced concrete, the roof being 3 inches thick and reinforced with 
Clinton wire mesh. Across the center of each roof extends what 
was termed in Spanish a“ saltillo’’ and in English might be likened 
to the “ monitor” on a factory building. This is open to permit 
of ventilation; but the openings are screened to prevent the 
entrance of mosquitoes and dust. 

Fig. 1 shows the arrangement of the tanks and the piping. 
Fig., 2, a longitudinal section through both tanks; Fig. 3, a cross- 
section through the gate houses; Fig. 4, a partial section through 
the roof; and Fig. 5, column details. ; 

In designing the various concrete members for the reservoirs 
the conservative straight line formula for reinforced concrete 
beams was used. The ultimate crushing strength on concrete 
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A PARTIAL PLAN OF THE RESERVOIR, SHOWING THE PIPING. 
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DEVELOPMENT OF THE CAMAGUEY WATER WORKS. 
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Fie. 4. 


A PARTIAL SECTION ON EF (FIG. 2), SHOWING THE ROOF BEAMS, COLUMNS 
AND ELEVATION OF ‘**SALTILLO.”’ 


Fig. 5. 
CoLuMN DETAILS. 
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PLATE II. 


Tuts PICTURE SHOWS THE HOLES LEFT IN THE WALLS FOR THE 
Roor BEAMS. 


Fig. 2. THis PICTURE SHOWS THE METHOD OF TAMPING THE EARTH FILI- 
ING AROUND THE WALLS. 
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was taken at 2000 pounds per square inch, and the elastic limit of 
steel at 30 000 pounds per square inch, a factor of safety of 3 being 
allowed on these figures. The exterior walls were considered as 
a cantilever beam to support the earth pressure of the backing. 
They were not reinforced to sustain the water pressure, as it was 
specified very rigidly that the backfill was to be rolled in 6-inch 
layers with a 5-ton roller, water tamped, or compacted in some 
equivalent manner to the satisfaction of the engineer. Depend- 
ence is placed upon this backing to sustain the water pressure. 
So as not to throw outside strains on the walls, they were built 
leaving openings for the roof beams and a rabbet for the roof. 
These openings will be painted with oil to insure separation of old 
and new concrete, and a compression joint of two or three layers of 
tar paper will be placed in the rabbet, between the walls and the 
roof. In this manner the beams and roof can expand and contract 
without straining the walls or interfering with their freedom to act 
as cantilevers. Fig. 1, Plate I], shows the openings in the walls 
left for the beams. It also shows the columns and the commence- 
ment of the forms for the beams with their supports. Fig. 2, 
Plate II, shows the method of hand tamping the backfill against 
the wall in cramped places where it was difficult to use any other 
method. These four men went over and over each layer until it 
was well compacted. 

There is one feature of the reservoir plans which should not be 
. passed without mention. Too often large concrete work is let 
to a contractor without a complete bending list for the reinforcing 
steel, which means trouble and unpleasantness throughout the 
entire work. In this case it was determined that the informa- 
tion should be furnished in full. This was accomplished by a 
bending list in tabular form. The first column of this table 
showed the general location in the structure of each bar; the 
second, its position, whether vertical or horizontal; the third, 
the number of bars of each class; the fourth, the size of the 
bars; and the fifth, the total length of the bars before bending. 
The next ten columns relate to the bending and give, first, the 
distance to the first bend, then the angle of the Send, next the 
distance to the second bend, the angle of the second bend, ete. 
The sixteenth column refers to the proper sketch showing the 
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proper form for each class of bar, and the last column gives the 
sketches showing all the various methods of bending. This list 
paid for itself a thousand fold. The bars were bent by the 
ordinary lever bender supplied with lugs for gripping the bar. 

Plate III explains the methods of laying the 12-inch floors and 
gives a good idea of the number of bars entering into the reinforce- 
ment of the walls and the way that they were supported. The 
mixer was on the bank at one side and a chute carried the concrete 
to the lower level. The forms for the walls were carried up solid 
from the floor to the top. Concrete was mixed wet and well 
spaded, particular care being taken with the spading against the 
face of the forms, which latter were of 2-inch lumber dressed and 
beveled on the edges. The concrete for the walls was laid in 6-inch 
to 8-inch layers, each layer being carried continuously around the 
entire structure. 

In laying out the distributing system for the city, it was found 
impossible to place a pipe on every street, as the expense would 
have been too great at this time. It was, therefore, determined to 
pipe the business part of the town and run a skeleton system in 
the outskirts in such a way that this could be filled in during the 
future. The system consists of four mains running across the city 
on San Fernando, Cisneros, Hospital, and Bembeta streets, con- 
nected by equalizers, with the remaining streets filled in with 6- 
inch pipe, and a few unimportant blocks containing 4-inch. The 
two first-named mains are built. The two last will be left for 
the future. 

In determining the sizes of the various mains in the city, the 
principles advocated by Turneaure and Russel, in their work,‘ Pub- 
lic Water Supplies,’ pages 698 and 699, together with their dia- 
«ram on page 233, were used. As previously stated, it was decided 
that 35 pounds to 40 pounds per square inch under the maximum 
future conditions must be the minimum pressure in the highest 


parts in the city, which means that about double that pressure will 


be available under the maximum conditions at present. 

Many points were taken at various parts of the city and the 
pressures worktd out, assuming a fire at the point requiring the 
use of six 200-gallon hydrants, and also that the districts beyond 
would be operating under the maximum future daily draft, or at 
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PLATE III. 
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Fig. 2. 


THESE PICTURES SHOW THE METHOD OF PLACING THE CONCRETE IN THE 
FLOOR, AS WELL AS THE STEEL REINFORCEMENTS FOR THE SIDE AND 
Cross WALLS AND FOR THE COLUMNS. 
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90 gallons per capita per day, with the further draft that would 
come upon the mains in passing through other districts in reaching 
the point under consideration. This latter was a difficult question 
to determine, as the water is drawn off successively at each suecceed- 
ing block from the beginning at the 20-inch supply main. The 
writer has never seen a method advanced for the determination of 
this loss. After careful consideration, it was finally determined 
that a sufficiently close approximation would be obtained by first 
determining the total amount of water distributed by the mains 
in reaching the point in question and then assuming that the loss 
of pressure. would be equivalent to that caused by the passage of 
one third of this amount plus that required by the districts beyond 
the point, plus that required for fire, was the total amount passing 
the length of the mains upon which the loss in pressure was com- 
puted. This it will be noted is a sufficiently severe condition, and 
in all probability the city will not, in this generation, increase in 
size to such an extent as to bring the pressures down to our worst 
assumption. The method referred to in Turneaure and Russel 
explains how a long main of various sizes of pipe can be reduced to 
an equivalent main of one size over its entire length. When this 
is accomplished the two or three mains leading to the locality can 
be reduced to one equivalent main, after which it is a simple matter 
to determine the loss of pressure for the assumed quantity of water 
delivered. In making the figures the carrying capacity of the 6- 
inch and 4-inch laterals was neglected. This increased the factor 
of safety and will also help to cover the deterioration in the pipes 
for years to come. 

Sixty-eight hydrants have been spaced throughout the city. 
The city is divided into fifteen valve districts, to be increased as 
new pipes are laid hereafter. All hydrants have been provided 
with steamer nozzle to provide for the use of fire engines in the 
future should the pressures drop to the extent shown by our 
maximum assumptions. In order to increase the facility in 
locating the pipe lines in the future, they have been laid in the 
north and east sides of the streets in all but two or three cases. 
They have also been laid at certain stated distances from the house 
lines, as 2 meters for streets 6 meters wide or narrower; 2.5 meters 
for streets from 6 to 8 meters; and 3 meters for streets from 8 to 10 
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meters wide. Beyond this width the inspector is permitted to 
use his own judgment. Large scale maps have been prepared upon 
which are located all pipe lines, valves, specials, house taps, ete. 
Ties to the houses are shown, and the elevation of the top of 
the pipe at frequent intervals, as well.as the class of material 
through which the trench is dug. It is hoped that this map will be 
of great help in the future when the sewerage system is built. All 
valves at the street corners are located at a prolongation to the 
house lines. 

It might be of interest to note that the first piece of work done 
was to build a telephone line from the city to the headworks. A 
booth with a telephone apparatus was located at about every 6 
‘kilometers. The line has proved indispensable during construc- 
tion and will serve in the future to give communication between 
the office in the city, the concrete reservoir, and the pump house. 
The poles were all of hardwood, jiqui, set 5 feet in the ground. The 
line is a two-wire metallic circuit. Fig 2, Plate I, shows the method 
of erecting the poles. 

In regard to the specifications and methods of construction, 
there are some items worthy of note. All pipe work has been 
tested section by section to a pressure of 150 pounds pér square 
inch before acceptance. In the country these sections have been 
under a kilometer in length, and in the city they have usually been 
two blocks long. It was fully recognized that this requirement 
would add slightly to the expense, but as this is a pumping system, 
all leakage will directly add to the cost of operation. The results 
have proved the requirement to be of distinct value. The work 
has been done much better than it would otherwise have been done 
for the calkers knew that poor joints would show up in the test. 
Further, as each calker was obliged to mark his joints it was easy 
to locate the blame. Hardly a test has been made in the city that 
several bad leaks were not discovered, and usually in the country 
there have been from six to a dozen in each section, besides any 
number of smaller leaks easily fixed by a few taps of the hammer. 

In addition to leaky joints, and of much more importance, has 
been the showing up of weak places and cracks in the pipes, that, 
being covered by the paint, had not been detected during laying. 
Over and over again such cracked pipes found during the tests 
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PLATE IV. 


Fie. I. METHOD USED IN LAYING THE PIPES IN THE COUNTRY. 


Fie. 2. PrpgE LAYING IN THE CITY. 
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were removed and the tests repeated. Most pipes were cracked on 
the steamer and very often the cracks did not appear till the 
pressure reached 75 to 100 pounds, when they would open up and 
the water rush out. Actual records kept of the cost of testing 
show the cost to vary for the large pipe from 7 to 13 cents per 
meter, or at an average of 10 cents a meter. For the city dis- 
tributing system the average for all sizes came to 9 cents per meter. 

Another requirement of the specifications was that all scratched 
or bruised pipes should be painted, wherever the paint had been 
removed, before the pipe was lowered in the ditch. Asphaltum 
paint was specified. This caused very little trouble and it is well 
known that pipe begins to rust where the paint has been knocked 
off. It is hoped, in this manner, that we have added materially to 
the longevity of the pipe system. 

The pipe specifications were based on the New England Water 
Works Association’s Specifications, the chief variation being in 
the class letters used to designate the thickness of pipe, which 
were taken to agree with the United States Cast-Iron Pipe and 
Foundry Company’s weights. In order to assist the contractor, a 
partial payment of 4 cents per kilogram was made when the pipe 
was delivered along the line, the balance being paid at the bid 
price per linear meter when the pipe was laid. 

Fig. 1, Plate IV, shows the laying of the large country mains. 
The 18-inch pipe was mostly rolled into the ditch and allowed to 
fall on blocks of wood. It was then raised and shoved home by 
means of a lever and sling working over a sawhorse. With the 
heavier weights of 20-inch pipe, shear legs with a differential pulley 
had to be used. All large pipe was laid at such depth as to obtain 
60 centimeters covering of earth over the pipe. This made the 
ditch for the country pipe 1.15 meters deep. The city pipe was 
laid at a depth of 1 meter. Fig. 2, Plate IV, gives an idea of the 
pipe laying in the city. For Camaguey the street on which this 
picture was taken is a particularly broad one. 

During the construction of these water works cost data has been 
kept very carefully, and there are on file in the department com- 
plete costs on all classes of work. A description of our work would 
not be complete without recording the data obtained on at least 
one section of it, as a means of showing the cost of water-works 
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construction in Cuba for comparison with similar work in the 
States. For this purpose I have selected a typical section of 20- 
inch Class C pipe nearly two kilometers long, and submit it 
herewith in the shape that it was reported to the main office. 


CamMaGuEY Water Works. Cost Dara. 
Trenching for and Laying 20-inch Class C Cast-Iron Pipe. 


(Station 1040 to Station 1138 + 1.7.) 
(Deducting length of a Venturi meter.) 


The work here considered is a part of the 20-inch supply line 
leading from the reservoir to the city of Camaguey, Cuba, and was 
done during the months of August, September, and October, 1908. 
For a distance of almost two kilometers the supply line is located 
in the streets of the city and in the Havana road, and it is this 
section that is covered by the following discussion. 

The superintendent in charge of the entire contract, and the 
assistant superintendent directly in charge of the laying of the 
supply pipe, were Americans. The foremen and laborers were 
Spaniards and Cubans. About one third of the work was done by 
piece work, the prices being as follows: 


Placing jute and pouring lead..................... 13c. per joint. 


This cost data, however, shows actual number of days worked at 
the current daily rates, irrespective of whether the work was done 
by sub-contract or by day labor. 

The pipe was of Class C, designed for a working pressure of 130 
pounds per square inch, having a thickness of shell of 0.91 inches, 
and weighing 203.7 pounds per linear foot, or 303.11 kilograms per 
linear meter (R. D. Wood & Co.’s specifications). The great 
amount of rough handling that the pipe received while in transit 
from the foundry in the United States to its final destination 
resulted in a considerable loss by breakage. The total loss due to 
breakage and cutting amounted to about 34 per cent. on this 
section, which was the worst recorded. From 14 per cent: to 2 per 
cent. would be a fair average of loss by breakage for this size pipe. 

The pipe and materials were hauled from the railroad, an average 
distance of approximately 14 kilometers, by ox carts, for $3.50 per 
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ton, which was the average price for which the hauling was sublet 
for the whole 23 kilometers of supply and force main. 

The ditching gang consisted of 30 to 40 men. The material 
encountered was mostly hardpan (cascajo), though in two or three 
places a small amount of soft rock was found, and between Station 
1075 and Station 1095 some easy-working earth was excavated. 
Taken as a whole, the excavation was a piece of difficult pick and 
shovel work. The trench was 1.15 meters deep and 85 centimeters 
wide, the depth and width being increased at the bells to allow 
room for calking. 

A gang of 10 or 11 men was employed to dig bell holes, these men 
being under the orders of the foreman of the pipe-laying gang. 
The cost of digging bell holes was very excessive, as may be seen 
from the cost data. This large cost was due to the fact that a 
large number of the bell holes were dug twice, on account of errors 
in marking out the location of the bells. 

The pipe was rolled to the trench and was lowered by means of a 
3-ton differential pulley suspended from a tripod. The lead was 
poured from a large iron pail to insure filling the joint with one 
pouring. The pipe-laying gang consisted of a foreman and 4 
laborers, and placed 25 to 30 pipe per nine-hour day. 

The pipe was tested by hydraulic pressure of 150 pounds per 
square inch. For filling the pipe with water, a steam pump and 
two hand pumps, located at two cross streams, were employed. 
Pressure was applied by these same three pumps. The portion of 
pipe here considered was laid in three sections, hence three separate 
tests were made. In the first test a cracked pipe was discovered 
and had to be replaced by another pipe, and as it was located in the 
lowest part of thé line, practically all the water was lost. The 
refilling of the pipe made the cost of this test almost double what it 
would otherwise have been. Two cracked pipes were also dis- 
covered in testing the third section, but the leakage was not great 
enough to prevent the obtaining of the required pressure, and these 
two pipes were replaced after the completion of the tests. The 
cost of testing is somewhat excessive. 

In a few places where the ditch was filled with water, the back- 
filling was done by puddling, but for most of the work tamping 
of dry earth was the method employed, there being one tamper 
to each two shovelers. The entire ditch was tamped to the level of 
the street surface. 

From Station 1092 to 1138, a distance of 920 meters, the pipe 
line is located along the side of a macadam pavement, and through- 
out this distance the excess dirt left from the backfilling was 
removed. Over the rest of the line, the excess dirt was simply 
heaped up over the ditch. 
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The following pages give detailed costs of the work. These 
costs cover all material and labor used on the work and the neces- 
sary field supervision, but do not include such general charges as 
the plant charge, office expenses, or bond and insurance. 

All prices are in United States currency. 


INSTALLATION OF 20-INcH CLass C Pipe, 1 955 LingEaL METeERs (6 414 Fr.). 
GENERAL CHARGE. 
Labor. 


Cost per 

Rate. Total. Meter. Foot. 
Superintendent........ 10 days at $175.00... $58.33 
Ass’t superintendent .. 33 ,, 175.00... 192.50 
Timekeeper .......... 29.90 

Total labor for general charge 1955 m. = 
TRENCHING (DITCH 1.15 M. x 0.85 M.). 
Labor. 

33 days at $1.70..... $56.10 


(Total excavation = 1911 cu.m. Cost per cu. m. = $0.521.) 


” ” 
DIGGING BELL HOLES. 
Labor. 
270 days at $1.15..... $310.50 


Total for digging bell holes, 1955 m. = 


(540 bell holes. Cost per bell hole = $0.575.) 
Total cost of trenching and digging bell 


holes, 1 955 m. = 6 414 ft............... $1306.20  $0.668 $0.203 
LAYING PIPES (INCLUDING CUTTING CRACKED ENDS) 
Labor. 
33 days at $1.50..... $49.50 


Total labor for laying pipe, 1955 m. = 


‘ 
id 
Total labor for trenching 1955 m. = aa 
4 
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Materials. 


Cost per 
Meter. Foot. 


com of pipe, F. O. B. Camaguey, ton 

Coot of unloading from cars, ton 


684.3 tons 20-in. Class C pipe @s......4 $39.00 $26 687.70 
10 gal. tar 35 3.50 


Total material laying pipe, 1955 m. = s 

Total cost of laying ee. oe and ma- 

terials), 1955 m. = 6 414 ft............. $26 980.90 $13.801 $4.206 


CALKING JOINTS. 
Labor. 


Laborers. 

Total labor calking, 1 955m. = 6 414ft..... $174.05 $0.089 $0.027 
(540 joints. Cost of labor per joint = $0.322.) 

Materials. 


Cordwood....... 17 cords at 59.50 


Total materials calking 1 955 m. = 6 414 ft. . $976.90 $0.50 $0.152 
(540 joints. Cost of materials per joint = $1.809.) 


(Lead used per ssa = = a Ib.) 
(Jute ,, » 


Total cost of calking pipe (labor and ma- 
tertals), 1 055.mo— 6414 $1150.95 $0.589 $0.179 


Cost per joint = $2.131.) 


(540 joints. 


TESTING PIPE. 
Labor. 


4 days at $1.75..... $7.00 
Pump engineer........ 57.20 


Total labor testing pipe, 1 955 m. = 6 414 ft., $196.25 $0.100 $0.031 
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Materials. 
Cost per 
Meter. Foot. 
Testing plugs and miscellaneous supplies... ... $21.00 
11 cords at $3.50.... 38.50 
Total materials testing pipe, 1955 m. = 
Total cost of testing pipe ii and ma- 
terials), 1955 m. = 6 434 $255.75 $0.131 $0.040 
BACKFILLING TRENCH. 
Labor. 
6 days at $1.75..... $10.50 
Laborers... ...... | 7.80 
Total cost of backfilling, 1955m. = 6414ft... $246.95 $0.126 $0.039 


REMOVING EXCESS DIRT. 


(Nore: Excess dirt was removed from street between Stations 1092 and 
1138, a distance of 920 m.) 


Labor. 
days at $1.75..... $8.75 
Mule and cart......... 13 12.60 
Total average cost of removing excess dirt, 7 
REPLACING TWO BROKEN PIPES. 
Labor. 
Cart and mule......... 2.80 
Total cost of replacing pipes, 1955 m. = 
Total cost of installation of 20-inch Class C 
pipe; 1055 m: — 6 414 ft... $30 364.51 $15.532 $4.734 


(Note: Contract price = $19.40 per meter.) 


Throughout the design and construction of these water works, 
Mr. Pompeyo Sariol was chief of the Department of Public Works 
for the Province of Camaguey; the writer, chief engineer of the 
water-works department; Mr. Earle K. Knight, resident en- 
gineer for work outside the city; and Mr. John E. Shoemaker, 
resident engineer for the city distributing system. 


THE POUGHKEEPSIE WATER WORKS. 


BY DR. JOHN C. OTIS. 


|Read September 9, 1909.] 

The commissioners appointed by “ an act to provide for a 
supply of water in the city of Poughkeepsie and for sewerage 
therein,”’ in their report dated February 7, 1870, state that they 
called to their aid James P. Kirwood, Esq., well known for his 
abilities as a consulting hydraulic engineer, and that they also 
engaged the services of Theodore W. Davis, Esq., as resident 
engineer. 

The investigation of a source of supply covered every available 
creek, including the Hudson River, Fallkill Creek, Crum Elbow, and 
the Wappingers Creek. 

The report of Chief Engineer, Mr. J. B. G. Rand, on the river 
supply is quite interesting, especially his footnotes in reference to 
the word “‘ sewage ”’ in the text when speaking of the sewage con- 
tamination in the river. This I present here to show plainly what 
was in the mind of the engineer in 1870 and before. 


“The evils resulting from the domestic use of water contaminated with 
sewage are too well known and of too disagreeable a character in contempla- 
tion to admit of much discussion. A regard for the decent taste of the people 
would prevent us from taking the water from any source which had received 
sewage, and might, therefore, contain the living germs of cholera, typhoid 
fever, dysentery, tape worm, ete., without using every reasonable means to 
guard against distributing them. It is true, the volume of water in the river 
is so large compared to the quantity of human excreta discharged into it that 
not much harm can come by this discharge at present. But who can say how 
much water and how much time is required to destroy these germs; or how 
mucb harm may come?—the ablest scientific minds are unable or unwilling to 
answer. It is, however, well settled that numerous cases of the above diseases 
have been directly traced to the use of water polluted by sewage, and that, in 
other cases, the type, though changed, is the effect of such water.” 


It was finally summed up that the advantages of the river sys- 
tem were a never failing supply and the securing of a better fire 


: 
, 283 
OTIS. 2 
es 
= 


284 THE POUGHKEEPSIE WATER WORKS. 


protection, while the objections were contamination by sewage, 
which would be a constantly increasing evil unless stopped by the 
enactment and enforcement of laws, the quantity of other foreign 
matter brought down the river, the saline matter at times, and the 
annual outlay for pumping. 

It was finally decided to utilize the Hudson River as a source of 
supply and the water-works arrangement settled upon in 1871, 
and later installed, consisted of a pumping station at the 
river, a filter, a force main to a reservoir on College Hill, and a 
distribution system. 

The pumping machinery, made by H. R. Worthington, of New 
York, consisted of two pumping engines with boilers. One engine, 
the smaller, a high or low pressure duplex steam pump working 
under a lift of 10 ft. and against a head of 20 ft., supplied water to 
the filters. The large engine, a compound duplex condensing 
pump, working against a lift of 9 ft. and a head of 270 ft., furnished 
filtered water at the College Hill distributing reservoir. 

The contract for the purchase of these engines provided for a 
duty test of 500 000 ft. Ib., and it is stated that their performance 
exceeded this specification. 

The filtering works consisted ofa raw-water basin 25 by 60 ft. 
and 12 ft. deep, in three compartments arranged in reference to the 
deposition of the heavier particles of mud. The two uncovered 
filter beds were each 200 by 73 ft., giving 14 650 sq. ft. of filtering 
area with a depth of 6 ft. of filtering materials as follows: 


24 in. of sand. 


6 ” ” 

6 1 ” 

6 ,, ,,2 ,, broken stone. 


24 ,, ,, 4 to 8 in. fragments. 


This large open filter, with which filtration was started, con- 
tinued as originally constructed to do the work for the city until 
1895, in which year the question of enlargement of filtering area 
was agitated. It was set forth to the Common Council, from which 
body funds were sought, that in April, 1895, for four successive 
times in one month, the city’s storage of water was exhausted,due 
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to the heavy rains causing the raw water to be charged with an 
unusual supply of red mud and silt which clogged the beds, per- 
mitting only four and one-half day runs between cleanings. This, 
with the difficulties met in cleaning in the winter, brought the 
officials to the point of feeling the necessity of additional area. 

The new filter bed consisted of a single basin having an area 
equal to that of both basins comprising the old bed, thus doubling 
the area. 

The form of construction is described in the report of 1896 as 
follows: 

The length of this basin inside of wall is 260 ft.; width, 114 ft.; 
total area, 29 640 sq. ft. The clear depth of the basin from the 
top of the coping to the surface of the concrete bottom is 10.3 ft. 
The side walls, except along the old basin, consist of rubble 
masonry laid in Rosendale cement mortar, faced with a brick wall 
laid in Portland cement mortar. The inner faces of the walls are 
vertical. The bricks used for the facing were Catskill shale paving 
brick, of the best quality, absorbing not over 2 per cent. by weight 
of water after twenty-four hours’ immersion. The thickness of 
these face walls for two thirds the height from the bottom is 18 in., 
and the remainder, 134 in. On the west side, along the old basin, 
buttresses projecting from its walls necessitated filling between 
them with brick masonry. This was done with second-class bricks 
of the same kind, laid in Portland cement mortar. The whole was 
faced in the same way as the other walls, 134 in. thick. 

The bottom of the excavation varied from soft muck to solid 
rock. The rock was leveled and the muck excavated, the excava- 
tion being filled with fine cinders well rammed. The entire area 
was covered with concrete of Rosendale cement, 12 in. thick, put 
on in two layers. 

A main drain, of brick masonry, sunken below the surface of the 
concrete, extends longitudinally along the center of the basin from 
south to north. Lateral drains of 6-in. tile pipes are laid on the 
concrete bottom at right angles to the main drain, and 10 ft. 3 in. 
apart between centers. These lateral drains are covered with 2-in. 
broken stone. The spaces between the laterals are filled to a 
depth of 10 in. with 2-in. broken stone and 1-in. gravel. Above 
this is a layer of 4-in. gravel 8 in. thick, and above this a laver of 
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i-in. gravel 6 in. thick, the total thickness of the gravel layers 
being 24 in. Above the gravel is the bed of filtering sand 31 in. 
thick. The water for this bed is taken from the inlet basin of the 
old filter bed, through an 18-in. supply pipe, entering the basin at 
the center of the south wall, and discharging into a distributing 
well 2 ft. wide, extending entirely across the south.end of the 
basin. The top of the inner wall of this well is of the same height 
as the surface of the sand, and is perfectly horizontal, so that the 
water in entering the bed shall produce as little disturbance of the 
sand surface as possible. 

The main drain discharges into a delivery well 6 ft. by 8 ft. on 
the outside of the north wall of the basin. In this well is a weir of 
cast iron sliding in vertical grooves, by means of which the working 
head may be regulated. 

From the delivery well a 24-in. cast-iron pipe conveys the water 
westerly to a circular delivery pipe well, north of the clearwater 
basin of the old filter bed, at the bottom of which is a 6-in. valve 
opening into a short pipe connecting with a 20-in. drain. From 
this delivery pipe well an 18-in. cast-iron pipe conducts the water 
south to the clearwater basin of the old filter basin. In this last 
pipe is a valve, and also one in the supply pipe, by means of which 
the bed may be cut out of service at pleasure. The construction of 
the basin was done under contract by Charles Cook, of this city. 
The gravel and sand, comprising the filtering materials, were 


delivered under contract by John Sutcliffe, of this city, at the walls’ 


of the basin, and were placed in position by day labor. The gravel 
and sand were obtained by Mr. Sutcliffe at Heamstead Harbor, 
Long Island, and were thoroughly washed at the banks. 

In 1904, there was an agitation to reconstruct and cover the 
filters. The reasons given for making the change were, low 
purification efficiencies, expense of removing ice, leakage in old 
filters, and growth of algze on the beds. The work was started, and 
is described as follows: 

The work done consisted in removing all the filtering materials 
from both filters; and, for the old or west filter, placing a puddle 
- filling in the bottom of both sections; placing a concrete floor in the 
form of inverted arches on this puddle; lining the side walls with 
concrete; setting concrete piers; covering the whole with groined 
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arches of concrete, with 2 ft. of earth cover; and providing and 
placing new under drains. In the new or east filter the work 
consisted in covering the old concrete bottom with a waterproof 
coat of asphalt, laid on hemp burlap; laying upon this asphalt coat 
a concrete course, in the form of inverted arches; building a central 
transverse wall of concrete; placing concrete piers, and covering 
the whole with groined arches of concrete with 2 ft. of earth cover; 
modifying the main drain and replacing old laterals: The sides 
and bottom of the clearwater basin were also lined with concrete, 
and concrete piers and arches with earth cover were placed. This 
system as completed in 1905 consisted of four units of $ acre each. 

The period from the construction of the filters to 1880 was one of 
absolutely no particular control and no regularity of operation. 
It was not unusual to allow the filters to remain out of commission 
for a whole winter season. The typhoid death-rate statistics 
check out these periods very nicely. 

The period from 1880 to date has been one of more intelligent 
control, during which time no unfiltered water has been served to 
the consumers, but without doubt there have been times when it 
has been hard to draw the line between the filtering of water and 
the screening of it. 

TABLE 1. 
TypHoip FEVER STATISTICS. 


ToraL Dearus. Per Cent. of 
Year No. of Cases. Typhoid Deaths 
Typhoid. Malarial. to Cases. 
| 21 10 61 33.0 
14 6 7 28 50.0 
10 8 27 37.0 
5 4 32 15.6 
| 10 5 19 52.5 
2 20 25.0 
| 6 3 52 11.5 
11 3 51 21.5 
10 1 63 16.2 
5 3 33 15.1 
11 2 39 31.0 
15 2 93 16.1 
9 11.5 
9 3 66 13.6 
30 3 168 18.0 


| 
| 

1896... .. 

1900..... 

1901..... 

1902..... 
: 
1905... .... 

| 11 42 26.2 
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Typhoid and intestinal diseases have been prevalent in the city, 
and the statistics from our health department do not begin to 
show what has happened. Table 1 shows the number of deaths 
from typhoid and malarial diseases for each vear, from 1892 to 
date; also the number of cases reported by the health department. 
and the per cent. of deaths to cases. This percentage varies from 
52 per cent. to 11.5 per cent., showing clearly the very low average 
ability of the physicians or great lack of accuracy in reporting. 
The table shows that while malarial diseases are beginning to 
disappear, the typhoid cases have increased, as we become more 
enlightened in the management of filters and their design. Such 
inconsistent results must be due to erroneous statistics. Just a 
few vears ago, the health department would accept no case as 
typhoid unless a positive Widal reaction was obtained, while.at 
this time any fever or intestinal disease is reported as typhoid. 

The Hudson River water in its raw condition is most variable. 
This great river comes to us and by us at the salt line, and in about 
every twenty years the taste of salt is perceptible in the filtered 
water. In the fall of 1908, it was so salty that it was most un- 
pleasant to drink. This of course occurs during seasons of ex- 
treme droughts. The water varies in color, in turbidity, and in 
purity with the change of the tide, with the weather, and with the 
time of day; it may be heavily laden with silt or entirely free from 
it; it may be very impure when filled with silt or it may be a 
fairly good water; it may be perfectly clear and vet be so polluted 
that it is suicide to touch it to vour lips. 

A sedimentation basin was added to the plant, being finished in 
December, 1907. This basin started in operation on December 29, 
1907, and continued until June 11, 1908, when it was emptied, the 
water being clear enough without its use, and also to do away with 
the growth of alge. 

Coagulation with alum was used, with the exception of three 
weeks, until May 22. This interruption, from January 27 to 
February 18, was due to the clogging of beds owing to inexperience 
in operation. The alum was added to the raw water through the 
suction pipe of the low lift pump from an alum tank in the chemical 
laboratory, the amounts varying with the turbidity from = grains 
per gallon with a turbidity of 25, to 25 grains per gallon with a 
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turbidity of 500. This method of sedimentation and coagulation 
in connection with the Hudson River water is simple and efficient 
when the water is bad and heavily laden with silt. The basin in its 
first run gave efficiencies good enough to give a uniform water to 
the filter, and the alkalinity permitted large amounts of alum. 
The maximum bacteriological efficiency obtained was 98 per cent. 

Table 2 shows the record of operation of the purification plant. 
This table gives the monthly averages of raw, settled, and filtered 
water for the 26° and 37° counts and are averaged from daily 
examinations with two plates to each count with an incubation of 
sixty-five hours. 

As shown in Table 1, the operation of this plant reduced the 
typhoid cases from 168 in 1907 to 42 in 1908. 

Table 3 gives the quantities of alum used, the amount of water 
treated, and the percentage monthly removal of turbidity with 
alum during the last winter. 


TABLE 3. 
CoaGULATION REcorD. 


Average 
Average Million. Tur- 
No. | Lbs. Gallons , Grains Tur- bidity Per 
Days.) of Water Per bidity. after 24, Cent. 
| Pumped Gallon. Hours, | Rem. 
| ay. per Day. 
1908--1909. 
December........ 18 | 393 | 3.199 20.0 13.5 32.5 
30 | 767 | 2.728) 1. 32.5 18.5 43. 
9; 631 2.88 «163.3 25.5 78.2 
12 748 2.94 98.6 28.1 71.5 
16 589 2.72 1.53 55.5 23.7 57.3 
2 dol 2.97 | 1.31 17.0 13.0 24.7 


The summer of 1908 was extremely dry for New York state, and 
the Hudson River became very low, the salt water reached Pough- 
keepsie in the fall and was noticeable in the drinking water from 
the middle of October to the middle of November, for the drought 
continued into the winter. The river froze over and the water 
‘ame to us concentrated with sewage, but with no turbidity. As 
there was nothing in suspension, no results were obtained from the 
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sedimentation basin nor from the alum. To add to this condition 
the filters failed to respond to any treatment, and as a result, there 
were bacterial counts in the filtered water. 

Mr. G. C. Whipple was called in consultation and he suggested 
that ‘“ chloride of lime ’’ be applied instead of coagulant. 

This was done at once with most satisfactory results. The 
application was begun February 1, using the coagulant apparatus, 
which introduces the chemical into the low lift pump suction line. 
By February 12, a temporary dosing appliance (consisting of two 
barrels with a suitable “ regulating box") was constructed to 
apply the chloride at the inlet of the sedimentation basin, and the 
permanent apparatus was put in operation on March 17. This 
consists of two wooden tanks of about 1 100 gallons capacity each, 
and a regulating box, one tank being used while the other is being 
filled. The regulating box is a lead-lined chamber LS in. by 18 in. by 
12 in. with a ball-cock on the inlet and a small hand valve on the 
outlet. Lend and bronze are used throughout in the piping and 
valves. The tanks are hand stirred at frequent intervals, but this 
does not insure absolute uniformity of applied solution, the varia- 
tion amounting to 10 per cent. or 15 per cent. at different times. 
Other means of stirring are being considered. The strength of 
solution is 20 to 35 Ib. of chloride to a tank (about a 20 per 
cent. to 35 per cent. suspension). A much stronger liquor, about 
25 per cent., was used in the barrel apparatus described before, 
but much trouble was experien¢ed by reason of clogging of valves 
and consequent interruption. Electrolytically prepared bleaching 
powder is used, analyses of which show from 37 to 39 per cent. by 
weight of available chlorine. The average amount applied has 
been about 0.4 parts of chlorine per million. 

Amounts less then 0.2 parts have been tried experimentally, but 
with marked decrease in per cent. of bacteria removed. 

The following table shows the bacteria removal obtained. 


Applied Chlorine. Parts Bacteria in Raw Bacteria in Settled Per Cent. 
per Million. Water. Water. Removed. 
.25 12 600 1 160 90.8 
.25-.40 41 200 1 100 97.3 
.40-.50 18 700 165 99.1 
00 50 400 234 99.5 
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These results are not entirely conclusive evidence that somewhat 
smaller doses applied carefully would not do the work. The 
reliability of the results of earlier experiments with small amounts 
Was impaired by annoying interruptions incident to starting new 
and unfamiliar apparatus, and because coagulant was used part of 
the time to treat the turbidity and color. Experiments using 
quantities up to .80 parts per million did not show a material 
increase in percentage removed. 

The bacterial content of the filtered water averaged by weeks 
was as follows: 


Bacteria 

Week Ending Bacteria per Cem. Week Ending per Cem. 


showing a progressive decrease of bacteria in the filtered water. 
On several occasions in the first weeks the bacteria content of the 
filtered water was higher than in the settled water applied to the 
beds. 

The following tables show the results of tests for B. coli: 


Raw Water. 


° 
Quantity Number of Number of 
Cem, Tests. Positive Tests. 
4 2 
4 1 
5 3 
1.0 3 3 
SETTLED WATER. 
Quantity. Number of Number of 
Cem. Tests. Positive Tests. 
1 16 2 


FILTERED WATER. 


Quantity. Number of | Number of Positive 
Cem. Tests. Tests. 
2 4 0 
3 ao 3 


0 
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CoLLEGE HILL RESERVOIR. —12 MILLION GALLONS CAPACITY. 


Fig, 2. GENERAL VIEW OF THE PURIFICATION PLANT. 
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The presence of free chlorine in the settled and filtered water 
was determined by the tolidine test recently invented by Professor 
Phelps of the Massachusetts Institute of Technology. This is the 
most sensitive test for free chlorine known. The distinctive color 
resulting when free chlorine and this reagent are brought in contact 
has been observed at the laboratory of the Poughkeepsie plant 
when the amount of chlorine was known not to exceed .025 parts 
per million. The test has frequently given positive results in the 
settled water, but never has there been the slightest trace in the 
filter effluent. A slight musty odor has been noticed in the filtered 
water when the test was made on a hot sample, but no taste or odor 
‘an be detected in the cold. There are no records of odor before 
the use of chlorine, so it is impossible to say whether or not the 
condition is due to its use. 

The cost of treatment by this process is insignificant. The 
building and tanks cost $275 and are of a substantial nature. No 
extra employees are required, so the cost is reduced to interest and 
depreciation on the plant and cost of chemicals. The former is 
difficult to estimate but should not amount to over two or three 
cents per million gallons. The cost of the bleaching power is 
1.4 cents per pound, bringing the total cost up to 14 or 15 cents per 
million gallons. 
CONCLUSIONS. 
It is seems safe to conclude from the experience at this plant 
during two and a half months operation: 

1. That amounts of free chlorine from .35 to .45 parts per 
million will reduce the bacteria in the sedimentation basin more 
than 99 per cent. and will practically eliminate the B. coli and 
presumably the typhoid germs. 

2. That free chlorine persists for at least twenty-four hours in 
the unfiltered water, though verv much reduced in quantity. 

3. That no free chlorine remains in the water after filtration. 

4. That no tastes or odors are developed to such an extent that 
the consumer notices them. 

Table 4 shows quite plainly, when peculiar local conditions are 
considered, that 0.5 parts per million will give percentages of 
removal of nearly 166 per cent., when used in connection with alum 
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TABLE 4. 
CHLORIDE OF LIME. 
Hypochlorite. Lb. Free Million Gallons Chlorine. Parts Bacteria. 
Month. Lb. Used Chlorine Used Pumped per Million Per Cent. of 
per Day. per Day. per Day. per Day. Removal. 
1909. 

t{February..... 31.4 11.6 2.88 46 $5.2 
TMarch...>.... 28.8 11.0 2.94 45 98.2 
yApril. 12.4 2.97 49 99.7 
8.8 2.81 34 96.3 
31.4 2.60 | 80.1 


t Method of applying not satisfactory. 
+Twenty-four hours’ storage before taking samples. 
* Six hours’ chlorination. 


In order to bring out more forcibly the necessity for some radical 
action, it may be seen by referring to bacteriological records for 
1908 (Table 2) that the summer and fall averages were very low, 
and that, of course, there was no typhoid fever.” In December, 
the counts in the filtered water ran higher, reaching to 450, causing 
unusual alarm, although throughout the entire month of Decem- 
ber no typhoid was reported. Table 5 shows the daily average 
number of bacteria for four filters for each month, beginning with . 
December, 1908, together with the number of typhoid cases 
reported, every one of which was specially investigated. The 
third column shows the number of cases which may have been 
‘caused by the city water, which checks out with the condition of 
the water in December, January, and February, and which condi- 
tion was remedied by chlorination. 

The total number of cases of typhoid for nine of the twelve 
months is 23 for 1909 to 41 for the corresponding months of 1908. 
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1908. 
December....... 99 0 0 0 0 
1909. 
January. ...... 182 3 3 
February....... 117 3 : l 


We have recently established a price for water which, with our 
thoroughly metered service, will furnish income to meet all obliga- 
tions and care for the interest and liquidate the bonded debt in 
thirty vears. 

The total receipts from the sale of water from 1873 to 1908 
inclusive amount to $1077 643, ranging in amounts yearly of 
from $9 000 to $50 000. The operating expenses during this same 
period amount to $866 536.04. 

The additions to the distribution system have amounted to 
$94 550.53; the renewals and changes as follows: For new pumps 
in 1893, $35 689.95; filter improvement, $80 830.27; new intake, 
$6 135.41; and $40 407.37 in the construction of a new sedimen- 
tation basin, amounting in new construction, including the exten- 
sion of the distribution system, to $257 613.53. The original 
bonded indebtedness of the city for its water works was $550 000, 
which was the original cost. These bonds were 7 per cent., interest 
bearing. During thirty-seven vears, $35 000 worth of bonds have 
been paid, although many have been refunded at lower rates of 
interest. Forty thousand dollars was added in 1907, leaving the 
present bonded indebtedness at $555 000. A rough computation 
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shows that there has been paid about $1 O80 000 in interest, all of 
which came out of the general city fund. 

There were delivered in this thirty-seven vears 22000 million 
gallons of water at an average cost for operating expenses of 3.5 
cents per thousand gallons. 

The cost per thousand gallons for new construction amounted 
to 1.1 cents. 

The city has been paving for the use of money at the rate of 4.8 
cents per thousand gallons. 

The total cost of the city to provide water amounts then to 
9.5 cents per thousand gallons. 

The total receipts per thousand gallons amount to 4.8 cents, 
showing that the receipts have been about one half the cost. 


DISCUSSION. 

A Member. I should like to ask Dr. Otis what the present 
population of Poughkeepsie is. 

Dr. Oris. The present population is about 30000. It has 
gone up from 18 000 to 30 000 since the installation of our water 
works, and the Board of Trade will tell vou that we expect soon to 
have 50 000. 

Mr. ALEXANDER Porrer.* May I ask Dr. Otis if he has any 
special reason for his conclusion or his suggestion as to the abandon- 
ment of the sand filter as the matter has been worked out in 
Poughkeepsie. 

Dr. Oris. I should like to have it distinetly understood that 
that is a suggestion coming from a layman, and, therefore, is not 
one that carries any special weight. I base my conclusions simply 
on a study of the statistics of our filter plant. So long as we were 
using sand filtration alone we did not produce a good water. Our 
water for most of the time was really much worse than our records 
show, from the fact that when we awoke to the necessity of ‘a 
change we found that we had been using in our bacterial analyses 
a gelatine which was not correct, so that undoubtedly our counts 
should have been at times much higher than our records show. 
I simply put it as a suggestion from an ignorant layman, upon a 


* Consulting Engineer, New York City. 
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study of the statistics, that we possibly would have just as good 
water simply by the use of our settling basin and our coagulant. 
I assume that sooner or later we will know more about the chemi- 
‘al treatment of water, and I believe it is only a matter of a short 
time when we shall know a chemical substance that will take out 
all these growths, not only the alge, but every other growth that is 
likely to contaminate a reservoir. 

Mr. Earte B. Puerps.* I have been much interested in Dr. 
Otis’s remarks about disinfection, as I have made that particular 
point of water purification a special study for the past few years. 
I fully agree with what Dr. Otis has said as to the experimental 
stage with regard to water disinfection. I have the firmest belief 
in the great possibilities of some such method, but whether bleach- 
ing powder or some other similar oxidizing agent is more efficient 
remains for the future to determine. 

There are some points in connection with this matter, however, 
which I think cannot be overstated. The chief of these is that I 
believe we should insist continually on the fact that disinfection 
is not a substitute for filtration. It is an adjunct, apparently, 
which permits us to filter the water at higher rates, and which gives 
us a greater margin of safety and greater security against a break- 
down of filtration. 

But there are constituents in a polluted water which disinfection, 
dloes not remove, things other than germs which it is undesirable 
for many reasons to drink, which common sense tells us not to 
drink, and which, whatever may be the scientific aspects of the 
‘ase, We simply do not want to drink. Personally, I am firmly con- 
vinced that the studies of Mr. Allen Hazen and Professor Sedgwick 
have shown us that there is an actual danger in these polluting 
substances. Aside from the bacteriological diseases carried by 
water, I believe that there is a detriment in polluting material 
which probably acts indirectly by lowering the general vitality. 
Observations show that we have from this cause an increased death- 
rate among diseases which we cannot ascribe to actual bacterio- 
logical infection. 

In any discussion of disinfection methods, I think we should not 


* Bacteriologist and Chemist, Sanitary Research Laboratory, Massachusetts Institute of 
Technology. 
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lose sight of the possibilities of ozone. Ozone has a poor record 
at present, but it must be remembered that ozone has successfully 
passed through the experimental stage through which these newer 
compounds are now passing. Ozone has hitherto failed not from 
any inability to purify water, but for mechanical reasons. We 
‘annot produce ozone at a sufficiently low price. As it is a matter 
of mechanical and electrical engineering, there is no reason to 
believe that ozone must always be as high in price as it is to-day. 
There is every reason, on the contrary, to expect that ozone ma- 
chines will be developed, and I believe they are being developed, 
which will make ozone a practical disinfectant; and once given 
ozone at sufficiently low cost to make it possible to be used, it is 
certainly the ideal disinfectant. As ozone reduces to ordinary 
oxygen, there are absolutely no after effects, so there can be no 
objection to its use. This is a very practical matter to be con- 
sidered. 

There are certain objections to the use of chloride of lime which 
seem to have some weight. It has been observed in some places, 
and I was interested to note that Dr. Otis referred to the matter, 
that the odor of the water is slightly altered and made a little 
unpleasant by the addition of bleaching powder. I have studied 
that point and am convinced that it is not due to the oxidizing 
action of the chlorine but to “ chlorination,” as the chemists call it; 
that is, to the action of the chlorine upon the organic material 
accumulated in the sand. The sand is there to accumulate the 
organic material, and if we get these odors when we pass the 
chlorine through it, then some other procedure is necessary. 
Adding the chlorine after filtration may be the solution of this 
problem. 

There are certain other objections to the use of chlorine com- 
pounds for which there may be no real scientific reason, but which 
are nevertheless forcible in the public mind. For this reason, 
while we have in the case of bleaching powder a disinfectant of very 
great value, and while the use of this disinfectant probably works no 
harm so far as we know, it would be highly desirable to substitute 
some other disinfectant which might at least have a_ better 
sounding name. In this connection I have been investigating for 
some time the disinfecting properties of the various peroxides, in- 
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cluding the peroxides of sodium, calcium, and magnesium. At the 
present market prices of these substances none of them are practi- 
cal for water disinfection. The magnesium peroxide is the most 
advantageous for use, since this forms in the water hydroxide of 
magnesium, which appears to be fully as efficient as the aluminum 
compound as a coagulant. The magnesium salt is also sufficiently 
soluble for use. The calcium peroxide, on the other hand,. is very 
slightly soluble and could only be used in conjunetion with sand 
filters, in which case a laver of the undissolved peroxide would 
accumulate on the sand. The water in passing threugh this 
laver is efficiently disinfected. Peroxide of sodium acts too 
violently with the organic matter to be economical. In the 
presence of any considerable amount of organic matter it is rapidly 
decomposed and is a most efficient oxidizing agent, but larger 
quantities. are necessary to produce bacterial results than of the 
other compounds mentioned. 

Since the cost of production of all of these substances is largely a 
mechanical question and depends also, in some degree, upon the 
market demand, it is not at all improbable that, given sufficient 
incentive, the manufacturers may be able to produce them in large 
quantities at a price which would make their use possible. It is 
believed that in some of these compounds, particularly the mag- 
nesium peroxide, we have a most valuable adjunct to filtration. 

In my opinion, the chief line of development of the disinfection 
methods lies in connection with rapid mechanieal filtration. Slow 
sand filters reach their limiting rates when color and turbidity as 
well as bacteria begin to come through, and in most cases the 
passage of bacteria through the filter is coincident with the passage 
of other impurities. On the other hand, with mechanical filters 
using coagulants the rate is only limited by the necessity for bac- 
terial removals. If such removals can be accomplished in the 
final disinfecting treatment, the present rates of mechanical filters 
‘an undoubtedly be doubled without sacrificing efficiency in other 
lines. 

In brief, then, I regard these recent developments in the disin- 
fections of water as most important in the sense that they will 
make it possible to operate mechanical filters at high rates, to re- 
lieve the burden of many filters which are now overworked, and 
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to reduce by nearly 50 per cent. the cost of new works. If such 
proves to be the case, we may expect to see plants built where 
polluted raw water is now being used, and a general improvement 
in the quality of water delivered by many plants which are now 
greatly overworked. 

A Bleaching powder sterilizes practically 
embalms the bacteria, doesn’t it? 

Mr. Puetps. I cannot eall it embalming; it kills them. 

A Member. Have you tried any tests to determine whether 
they are.actually killed or whether they would come back again 
after a length of time. 

Mr. Puetps. Those germs which are actually killed do not 
come back, but if I catch the point of the question it refers to the 
secondary increase in bacteria which is often observed after dis- 
infection. The few residual germs which are present may grow, 
and often do grow, so we get an increased count of a secondary 
kind. From a sanitary point of view, however, that does not 
mean anything. We have become accustomed to considering high 
counts as an indication of pollution; but after we have killed out 
the disease germs it does not make any difference if the other 
germs grow, so we pay particular attention to the disease germs, 
using the B. coli as an index, and if we get those down we are not 
worried by any subsequent growth which may occur in the reser- 
voir. 

Mr. Epwarp Barrow.* [should like to ask either Dr. Otis or 
Mr. Phelps whether they have any definite knowledge of detri- 
mental results from the use of the amount of bleaching powder 
ordinarily used. Mr. Phelps suggests other disinfectants, and I 
thought possibly he had in mind some definite detrimental effects 
of bleaching powder. He suggests also the possibility of a con- 
troversy, perhaps something like the alum in baking powder 
controversy, Which may arise concerning bleaching powder, and I 
should like to know whether there is any ground for any such a 
controversy. 

Dr. Ot11s. I should like to say, in regard to the Poughkeepsie 
filters, that we have had no subsequent bad results. In fact, we 
have never found any chlorine in our filtered water. 


* Director State Water Survey, Urbana, JII. 
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Mr. Puevps. I regard the possible ill effects as imaginary 
rather than real, but there seems to be in this respect a wide gap 
between the practical water-works men and the people who con- 
sume the water, and we all know how easy it is for a line of kicks 
to get started at the water-works office when some suggested 
change has been published before the change has been brought 
about. The kind of thing I have in mind is merely that popular 
clamor which we all know the force of, however ill founded it may 
be. 
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DISINFECTION AS AN ADJUNCT TO WATER 
PURIFICATION. 


BY H. W. CLARK AND STEPHEN DE M. GAGE. 
{Read September 9, 1909.} 

At the time of the last New York convention of this Association, 
1905, the discussion of the use of copper in water supplies was at its 
height, and one of the meetings was given over to a symposium 
upon this subject. Recently, the use of hypochlorite of lime or 
bleaching powder for the disinfection of water has come to public 
notice through the litigation which followed its use in one of the 
large water supplies in New Jersey, and bleach treatment has been 
tried out in a number of places. Extensive studies of disinfectants 
in connection with water and sewage purification have been’ in 
progress at the Lawrence Experiment Station for a number of 
years, and much has been learned concerning both the effectiveness 
and the cost of such treatment. Of the many disinfectants tested, 
the copper salts, the permanganates, and the hypochlorites are the 
only ones which have shown any promise of usefulness in water 
purification, and it is with the last two that this paper has to deal, 
the copper results having already been discussed at the former 
meeting. The action of hypochlorites and permanganates in 
water are quite similar; both are oxidizing agents, and it is to this 
oxidation that their disinfecting action is due. Unlike copper 
salts, neither of them retains its identity for any length of time in 
the water, and the slight increase in the permanent hardness caused 
by the amounts of bleach ordinarily used in water purification, or 
the small traces of manganese which may remain in solution after 
permanganate treatment, cannot have any possible physiological 
action upon the consumer. 

There are two views which may be taken of the disinfection of 
water. In one, absolute sterilization is aimed at, that is, the com- 
plete removal of all bacteria is considered necessary. Another 
view is the removal only of such a proportion of the bacteria that 
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a water may be made to compare in bacterial content with waters 
ordinarily considered safe. This latter is the more general view 
and applies to the use of disinfectants, either in combination with, 
or as a substitute for, some form of filtration. In the experiments 
here described, both views have been considered. In one set of 
experiments, it was attempted to determine how much of each of 
the disinfectants would be required to produce a safe water as 
judged by our usual bacterial standards, and also how much would 
have to be added to obtain a water which was absolutely sterile. 
In another set of experiments, the disinfectant was applied con- 
tinuously to water as it passed through a reservoir, the aim being 
to keep the proportion of disinfectant as low as possible and still 
obtain an effluent of the same bacterial quality as the effluents 
from our best water filters. In one of these latter experiments, 
Merrimac River water was partially clarified before disinfection 
by passing it through a roughing filter of coarse sand at a high rate, 
and in the other, the disinfectant was ‘ded to the raw water 
together with coagulants before passing it through a mechanical 
filter, 


DISINFECTION WITH PERMANGANATE OF POTASH. 


The fact that the numbers of bacteria in water are considerably 
reduced by the use of permanganates has been known for many 
vears, and the permanganates of potash, of soda, and of lime have 
been employed to a limited extent in a number of places. During 
the Boer war, potassium permanganate was used to disinfect drink- 
ing water for the British troops in the field. At Bloemfontein, 
South Africa, permanganates have been added to the water as it 
enters the storage reservoir for some years. The details of the 
treatment are not at hand, but removal of organic matter, color, 
and bacteria are said to be quite satisfactory. The use of per- 
manganates for the removal of color and iron was investigated at 
the Lawrence Experiment Station, in 1900, as stated on page 462 
of the Report of the Massachusetts State Board of Health for that 
vear. The results of the process were not particularly satisfactory 
with the water studied. 

During the past two years, many experiments have been made 
to determine the disinfecting power of potassium permanganate 
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when added to water in various proportions. In these experiments 
different amounts of potassium permanganate were added to the 
water in bottles, analyses being made immediately, after six and 
twenty-four hours, and then daily for a number of weeks. A 
complete sterilization of the water was not effected in any of these 
experiments, even when the action was continued for many days. 
Over 98 per cent. of the bacteria were eliminated by treatment 
with 0.5 parts per 100 000 for from four to six hours. Larger 
amounts of permanganate, or a continuation of the action for longer 
than six hours, did not result in any further appreciable decrease in 
the numbers of bacteria. The reduction in numbers of bacteria 
growing at body temperature was only 50 to 75 per cent., and con- 
siderable numbers of these types of bacteria, including many B. 
coli, were found in a majority of the samples after treatment. 

The cost of treatment with 0.5 parts permanganate (IXMnQ,) 
per 100 000 would be from three to four dollars per million gallons. 
Permanganate treatment may have some value as an emergency 
measure for preparing drinking water in the field, but on account 
of its small efficiency and high cost, its use for disinfection of mu- 
nicipal water supplies will always be limited. The results of two 
representative experiments on the treatment of Merrimac River 
water with permanganate for six hours are shown in Table I. 

TABLE I. 


NUMBERS OF BacTERIA PER CUBIC CENTIMETER IN Merrimac River WATER 
AFTER TREATMENT FOR Six Hours with Various AMOUNTS OF 
PERMANGANATE. 


Marcu 1. Marcu 15, 


Parts per At Body Temperature. At Room At Body 

100 000, At Room Pemper- Temperature. 

. Temperature. Total. Red. ature, Total. Red. 

0.0 1 700 SO o2 17 100 65 15 
0.5 29 28 3 39 90 4 
1.0 31 18 0 36 40 8 
1.5 38 26 0 19 40 5 
2.0 26 21 0 Is 38 4 
200 29 28 0 20 35 23 
3.0 27 36 12 13 38 5 
3.0 22 65 24 24 35 0 
4.0 22 32 0 26 | 38 8 
4.5 24 22 0 23 38 0 
5.0 18 44 23 17 26 13 
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DISINFECTION WITH BLEACHING POWDER. 

A large number of experiments were made to determine the 
effect of various amounts of disinfectant, and the effect of varying 
lengths of storage after treatment, upon the bacteriological con- 
tent of Merrimac River water, sewage, and the effluents from 
many different types of water and sewage filters. In these ex- 
periments, the different proportions of bleach were added to the 
water in bottles, and analyses were made immediately after the 
addition of the disinfectant, and after intervals of one, two, three, 
four, six, and twenty-four hours respectively. The results of these 
experiments show that the disinfecting power of thé bleach is 
exhausted in one to two hours where small amounts are used, but 
that when large amounts are required, four to six hours or even 
longer storage is necessary before the action is complete. The 
results of bleach treatment for one hour in four representative 
experiments selected from the large number made are shown in 
Table II. 

In general, the treatment of Merrimac River water with 0.1 
part per 100 000 chlorine resulted in an effluent corresponding in 
bacterial quality with the effluents from the best slow sand filters. 
Much larger amounts are required, however, to produce complete 
sterilization. In two of the experiments shown, the maximum 
amount of bleach used, equivalent to nearly 4.0 parts available 
chlorine per 100 000, was insufficient to produce complete steriliza- 
tion, although one tenth of that amount caused a bacterial reduc- 
tion of over 99.5 per cent. and vielded an effluent which was of good 
quality, judging from the bacteriological data. Similar results 
are noted in the other two experiments, in both of which a satis- 
factory purification was produced by bleach equivalent to 0.1 part 
available chlorine per 100000. In both of these latter experi- 
ments, acid-bacteria growing at body temperature, among which 
class of bacteria would be included B. coli, were entirely elimi- 
nated. Other types of bacteria capable of growing at body 
temperature, however, were only partially removed by treatment 
with much larger amounts, in one case bleach equivalent to 2.0 
parts chlorine per 100 000, causing a reduction in this type of 
bacteria of less than 70 per cent. Similar results were common to 
all of the experiments made. 


A 


306 DISINFECTION AND WATER PURIFICATION. 


TABLE II. 


NuMBERS OF BacTEeRIA PER CUBIC CENTIMETER IN MERRIMAC RIVER WATER 
AFTER TREATMENT FOR ONE Hour witH VARIOUS AMOUNTS OF BLEACHING 
PowDeER. 


JUNE 22. 


a. At Body Temperature. ee At Body 
100 000. Room “Temper- 
Temperature. Total. Red. ature. Total. | Red. 
| 
0.00 3 406 30 12 28 900 130 96 
0.38 12 4 0 4 4 0 
0.75 15 3 0 8 0 0 
LAS 2 0 0 2 0 
1.50 2 5 0 1 0 0 
1.88 0 l 0 0 7 0 
2.20 Z 0 0 0 7 0 
2.63 4 0 0 10 4 0 
3.00 0 0 0 0 13 0 
3.38 0 3 0 0 18 0 
0 0 0 9 0 
NOVEMBER 6. NOVEMBER 12. 

0.00 14 000 75 14 _ 3700 81 44 
0.10 35 47 0 | 43 62 0 
0.25 32 26 0 | 46 50 0 
0.50 15 35 0 26 30 0 
0.75 > = 0 | 1 3 0 
1.00 2 3 0 | 1 0 | oO 
1.50 1 26 0 } 0 0 0 
2.00 l 24 0 | 0 0 0 


DISINFECTION IN CONNECTION WITH MECHANICAL FILTRATION OF 
MERRIMAC RIVER WATER. 

In December, 1907, a mechanical filter, containing 24 inches of 
sand of an effective size of 0.27 millimeter, was put into operation 
at a rate of 100 000 000 gallons per acre daily, filtering Merrimac 
River water which had been treated with sulphate of alumina and 
soda and had been passed through a coagulation and sedimenta- 
tion basin with a capacity of 3.5 hours’ flow. During the first four 
months of operation, the proportions of coagulants were varied 
considerably and it was demonstrated that while a fairly satis- 
factory effluent from a chemical and physical viewpoint could be 
obtained by the use of sulphate of alumina in the proportion of 
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0.5 to 1.00 grain per gallon, an effluent containing low numbers of 
bacteria could be obtained only by the use of about 2 grains of 
coagulant per gallon. During the remainder of the year, using 
sulphate of alumina in these proportions, a fairly satisfactory 
effluent was obtained, although one not as good bacterially at all 
times as those obtained from sand filters operating at lower rates 
without coagulants. Beginning December 1, 1908, attempts were 
made to reduce the cost of treatment by adding only such amounts 
of sulphate of alumina as were necessary to produce a water of 
satisfactory appearance, and to reduce the bacteria to a safe limit 
by adding bleaching powder at the same time as the coagulant. 
From December 1 to March 15, it was attempted to eliminate the 
use of soda and to use only so much sulphate of alumina as would 
be decomposed by the natural alkalinity of the water. This pro- 
cess was found to give unsatisfactory results for the reason that 
‘while the natural alkalinity of the water was theoretically suffi- 
cient to decompose the alum, owing to the peculiar character of 
this alkalinity, much of the coagulant was not decomposed. Dur- 
ing this period, also, the correct proportion of disinfectant to be 
applied was determined. After March 15, 1908, soda was added 
to the water, the soda and bleach being dissolved in the same 
chemical tank and controlled as a single solution, this having been 
proved practical by experiments. The results obtained with the 
combined coagulation and disinfection treatment up to the present 
time, and the results during the same period of the preceding year 
when coagulation alone was used, are shown in Tables III, IV, V, 
and VII. Forthe purposes of comparison of the two methods, only 
the five months, April to August in each year, when the filter was 
in normal operation, will be considered, omitting the earlier months 
when various changes were being made for experimental purposes. 
During these five months of 1908, the chemicals used averaged 
1.85 grains per gallon sulphate of alumina and 1.50 grains per 
gallon soda ash. During the same period in 1909, the sulphate of 
alumina averaged 0.88 grain per gallon; the soda ash, 0.67 grain per 
gallon, and bleach equivalent to 0.11 part per 100 000 was added. 
The use of smaller amounts of coagulant during the period of 
combined disinfection and coagulation resulted in an increase of 
nearly 25 per cent. in the quantity of water passed through the 
filter between washings. 


DISINFECTION AND WATER 


TABLE III. 


PURIFICATION, 


RELATIVE NUMBERS OF BACTERIA DURING MECHANICAL FILTRATION WITH 
AND WITHOUT DISINFECTION. 


December 
January 
February 
Mareh 
April 

May 

June 

July 
August 


Average * 


1908-1909. 


December 
January 
February 
March 
April 

May 

June 

July 
August 


Average * 


MERRIMAC RIVER 


WATER. 


Bacteria per c.c. 


Room Temperature. 


Ten 


perature. Total. Red. 


2 300 
2 200 
3 300 
3 100 
2 000 
3 500 
8 000 
3 900 
11 300 


5 700 


8 100 
7 200 
3 700 
4+ 700 
3 000 
1 600 
7 200 
4+ 800 
2 000 


3 700 


At Body 


1907-1908. 


60 


130 
180 


103 


EFFLUENT FROM 
COAGULATION BaAsIN. 


EFFLUENT FROM | 


FILTER. 


Bacteria per c.c. 


Room 

Tem- 

pera- 
ture. 


Period 


1 100 
1 500 
1 550 

| 3 400 
1 300 
620 

1 200 
1 500 
4 900 


1 900 


At Body 
em- 


perature. 


Tot’l. Red., 


of Coagulation Alone. 


29 


51 


26 


a 


100 
100 
100 
100 
100 


Bacteria per c.c. 


Room 


135 
150 
240 


260 
111 


At Body 


Tem- 
perature. 
Tot’l. Red 
16 | 14 
7| 6 
3 1 
19 | 32 | 
7 2 
1 0 
4 3 
9| 4 
14| 6 
3 


Period of Combined Coagulation and Disinjec 


760 
2 000 


‘ 


0.0 


*April to August inclusive. 


90 
70 


2 
4b | 


tion. 


3 


4 
7 
8 
0 
0 


te 


4 
38 
8 
0 
38 


= 
bo 


During the period when coagulation alone was used, the color 
of the raw water averaged 0.43 and the color of the filter effluent 
During the period of 
combined coagulation and disinfection, the color of the raw water 
averaged 0.38 and of the filter effluent 0.14, a reduction of about 


averaged 0.09, a reduction of 79 per cent. 


62 per cent. 


The removal of organic matter was 56 per cent., 
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80 55 43 | 27 
| 120 80 40 16 
| 85 48 60 20 925 
55 | 31 40 10 90 
75 | 50 17; 71100; 24 
165 125 40. 25 100 100 2 
180 70 39 100 80 
240 8 100 | 
13.9 
70 | 35 33, 7| 2} 0.0 
85 40 60 0.0 2] 43 : 
90 34 41 | 27| 4) 00 0.0 
70| 260 14 72 0.0 
60’ 32 52; 8| 2] 00 0.0 
65 31 10 5! 1! 00 00 
200-60 6| 0| 45 | 0 0.0 
220 100 2 1] 00 0) 00 
90 55 5| 2/ 00 | 0 0.0 
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judging from albuminoid ammonia, and 52 per cent., judging from 
oxygen consumed during the period of coagulation alone, and 
42 per cent. of the albuminoid ammonia and 41 per cent. of the 
oxygen consumed were removed during the period of combined 
disinfection and coagulation. During both periods, the filtered 
water was free from turbidity and sediment. While the albumi- 
noid ammonia and oxygen consumed results were higher during the 


TABLE IV. 


RELATIVE REMOVAL OF BACTERIA, COLOR, AND ORGANIC MATTER BY ME- 
CHANICAL FILTRATION WITH AND WITHOUT DISINFECTION. 


Per Cent. oF BacrertA REMOVED. Per CENT. 
i REDUCTION OF 
In Coagulation Basin. By Entire System. 
Albu.  Oxy- 
At Ten At Color. minoid gen 
Room Room |————_ Am | Com 
monia, sumed. 


Temp. | Total. | Red. | TeMP- | Total. Red. | 


1907-1908. Period of Coagulation Alone. 


‘ 


December 52.2. 40.0 51.7. 94.1 80.0 5 40.0 
January : 46.2 | 50.9 | 93.2 | 91.2 | 89. 2.2 |: 19.9 
February 33. 66.7 | 80.0 | 92.7 97.5 | 98. 2. 57.9 
March 0.0 | 29.4 702 77.6] 75. 2.8 28.5 
April 35.0 27.2 67.8 95.5 87.3 52.5 
May 82.3 | 77.3 99.3 98.7 |100.0 89.7. 69.1 
June 85.0 | 75.8 80.0) 988 97.6 | 97.6 79.2 54.4 
July 61.5 | 61.2 | 70. 98.0 95.0 | 96.9 | 73.9 45.7 
August 56.7 64.6 71.7 97.7 94.2 | 96.7 70.8 60.3 
Average* 64.1 61.2 5. 97.9 94.6 | 96.9 | 78.7 56.4 
| 


1908-1909. Period of Combined Coagulation and Disinfection. 


December 90. 50.0 80.0 98.9 88.6 | 94.3 | 45.5 | 20.7 
January 29.4 85.0 | 99.0 95.0 | 41.7 | 32.7 
February 98.9 70.0 88.3 99.5 95.6 | 100.0) 68.8 61.8 
March 94.5 80.0 91.4 99.6 98.6 |100.0 81.6 74.0 
April See 86.7 | 93.7 | 98.6 98.3 | 100.0 | 56.7 | 24.7 
May 9, 92.3 | 96.8 | 99.6 | 98.5 |100.0 | 54.1 | 62.4 
June 99.2 98.5 | 100.0 | 99.9 99.5 100.0 76.2 36.4 
July 9. 97.7 99.0 99.9 | 100.0 51.38 21.5 
August 94.4 96. 99.9 98.9 100.0 73.6 62.6 


Average* 93.9 96. 99.6 98.9 |100.0 62.4 41.5 


a 

a 

47.0 

6.5 

54.2 

0.0 

49.0 

67.9 

60.4 

21.4 

60.0 

51.7 

5.3 

10.0 

64.5 

71.7 

18.3 
64.0 

45.3 

53.8 

i * April to August inclusive. : 
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TABLE VII. 


CHEMICAL ANALYsIS OF MERRIMAC RIVER WATER AND EFFIUENTS FROM 
MECHANICAL AND PRE-FILTERS. 


NITROGEN AS 


| APPEARANCE. | 
Merrimac River Water. 
1908 0.6 43 0105 0195 368 O10 AY 1.0 
1909 1.0 38 0147 .0201 .425 -O11 1.0 
Effluent Mechanical Filter. 
| 
1908 (a) 0.0 09 408 23 4 
1909 (b) 0:0; .0144 | .0113 | .653 O12. a | 
Ejfluent Pre-Filter. 
1909 0.1 of | .0097 | .0170 | .438 .020 | .0004 | .50' 1.0 


(a) Coagulation alone used. - 
(b) Combined coagulation and disinfection used. 


latter period, when sulphate of alumina was being used in combina- 
tion with bleach, than during the earlier period when larger amounts 
of coagulant were being used alone, these results are no higher than 
those found in many municipal water supplies considered to be of 
good quality. The amount of color in the filtered water during 
the latter period of operation averaged 0.14, Hazen’s scale, and 
was probably as high as could be allowed in practice without being 
noticed by consumers. Better removals of color and organic 
matter could have been obtained by increasing the coagulant dur- 
ing the latter period, but this would have increased the cost and 
have defeated the object of the experiment. During neither 
period was any trace of sulphate of alumina detected in the 
filtered water, and during the period when bleach was added to the 
‘aw water, hypochlorites were never found in the effluent from 
the filter. No taste or odor was noticed in any of the samples when 
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they were examined in their natural state, but when heated, the 
characteristic odor of bleaching powder could be occasionally 
detected by the trained observer, although this odor was so faint 
that it would probably pass unnoticed unless it were carefully 


sought for. 

From a bacteriological viewpoint, the results of combined co- 
agulation and disinfection were far better than those obtained by 
coagulation alone, the average removal of bacteria by the com- 


bined process being 99.6 per cent., as compared with a removal of 
97.9 per cent. during the corresponding period when no disin- 
fectant was used. The effect of disinfection was most noticeable 
in the character of the water as it flowed to the filter from the co- 
agulation and sedimentation basin. Here a removal of 99.3 per 
cent. of the bacteria was effected during the disinfection period, as 
compared with a removal of 64.1 per cent. during the period when 
coagulants alone were used. During the period of simple coagu- 
lation, the average number of bacteria in the water applied to the 
filter after treatment was 1 900 per cubic centimeter, and in the 
filter efluent was 111 per cubic centimeter, while during the period 
- when bleach was used, the numbers of bacteria averaged 17 per 
cubic centimeter in the basin effluent and 11 per cubic centimeter 
in the filtered water. Not only was the combined coagulation and 
disinfection more satisfactory as judged by the removal of bacteria, 
but it was eminently more satisfactory as judged by the consist- 
ently low numbers of bacteria both in the effluent from the co- 
agulation and sedimentation basin and in the effluent from the 
filter. To state the bacterial results differently, about 30 per cent. 
of the samples of fi ter effluent contained more than 100 bacteria 
per cubic centimeter, and B. coli were present in one cubic centi- 
meter in 12 per cent. of the samples during the period when coagu- 
lation alone was used, while only about one per cent. of the filtered 
water samples contained more than 100 bacteria per cubie centi- 
meter and B. coli were not found in one cubic centimeter of the 
effuent during the time the disinfectant was employed. Further- 
more, during the disinfection period, none of the samples of the 
settling basin effluent contained more than 1 000 bacteria per 
cubic centimeter, and only about 2 per cent. contained more than 
100 bacteria per cubic centimeter, filtration in this case acting 


‘ 


314 DISINFECTION AND WATER PURIFICATION. 


merely as a factor of safety so far as bacterial quality was con- 
cerned, the elimination of bacteria being practically effected in the 
coagulation and sedimentation basin. On the other hand, when 
coagulation alone was practiced, over 54 per cent. of the samples 
of the basin effuent contained 1 000 or more bacteria per cubic 
centimeter, and the burden of producing a bacterially safe water 
fell upon the filtering medium. 

A peculiarity of the disinfection with bleach is that its action 
upon the types of bacteria determined at body temperature is 
much less than its effect upon the types of bacteria which are de- 
termined by the usual count at room temperature. This effect 
which has been noted in the bottle experiments previously de- 
scribed has been particularly noticeable in the. daily results of the 
continuous disinfection experiments. With comparatively small 
amounts of bleach, a practically complete sterilization may appear 
to be effected when results of the room temperature counts alone 
are used, whereas counts of the bacteria growing at body tempera- 
ture show that only a very slight reduction in this class of bacteria 
has been effected. As experiments were continued, the amounts 
of disinfectant which were non-effective in satisfactorily reducing 
the body temperature counts were also shown to be occasionally 
ineffective in reducing the room temperature counts. Under these 
conditions it is often found to be the case that the numbers of 
bacteria determined at body temperature were many times greater 
than the numbers determined at room temperature. This phe- 
nomenon is well illustrated in the results of the bottle experiments 
and was of common occurrence in the continuous disinfection 
experiments. In the latter portion of the experiments when the 
amount of disinfectant had been somewhat increased, consistently 
low numbers of bacteria determined at room temperature were 
accompanied by satisfactory body temperature counts. In other 
words, the satisfactory elimination of the types of bacteria grow- 
ing at body temperature requires a somewhat greater amount of 
disinfectant than would be judged to be the case from the usual 
room temperature counts. This selective action appears to be a 
peculiarity. of the disinfectants whose effectiveness depends upon 
their oxidizing action, and is to be noticed also in the experiments 
with permanganates. It has never been observed in experiments 
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with copper treatment or with other metallic or organic disinfec- 
tants. As to what particular significance these resistant types 
may have cannot be definitely stated at this time, but as they are 
found in considerable numbers in sewage and polluted waters, but 
are practically absent from the better classes of surface and ground 
waters, their removal should at least be attempted when disin- 
fection is relied upon to furnish a hygienically safe water. 

With sulphate of alumina and soda at one cent per pound, and 
bleach averaging 37 per cent. available chlorine at one and one- 
fourth cents per pound, at which prices they can be purchased in 
large lots, the cost for chemicals averaged about $4.80 per million 
gallons for plain coagulation and about $2.54 per million gallons 
for combined disinfection and coagulation. In other words, a 
saving of nearly half the cost of chemicals was effected by the use 
of the combined process, and the capacity of the filter was increased 
somewhat, while the filter effluent was of much better quality 
bacterially, and only slightly inferior chemically, to that produced 
by the use of sulphate of alumina and soda without disinfection. 
The combined process, however, must be watched even more care- 
fully than is usual in ordinary mechanical filter practice, since the 
amount of bleach to be used varies with the character of the water, 
and the usual simple physical and chemical tests by which the 
necessary proportion of sulphate of alumina may be judged are of 
no avail in showing the bacterial quality of the water. Competent 
chemical and bacteriological supervision is already practiced at the 
larger mechanical filter plants and in these the combined process 
could undoubtedly be used to advantage. For small plants, such 
as often receive only scant expert supervision under present con- 
ditions, part or all of the expense of the necessary services of a man 
trained in bacteriology and chemistry would be offset by the re- 
duction in cost of treatment, and in addition the hygienic efficiency 
of such plants would be greatly increased. Under present market 
conditions, bleach cannot be purchased at the price quoted above 
except in large lots, and for this reason the saving to small filter 
plants in the cost of chemicals would be relatively less than in the 
case of the larger plants. 
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DISINFECTION OF MERRIMAC RIVER WATER AFTER FILTRATION 
THROUGH A ROUGHING OR PRE-FILTER. 

On February 1, 1909, studies were commenced of the continuous 
disinfection of Merrimac River water after it had been passed at a 
rate of 50 000 000 gallons per acre daily through a roughing or pre- 
filter containing 48 inches of sand of an effective size of 0.45 milli- 
meter. The effluent from this filter flowed into a tank with a ea- 
pacity of 30 minutes’ flow from the filter, and a strong solution of 
bleaching powder was run into this tank continuously, the end of 
the solution pipe being located in the center of the inflowing stream 
of water. The amount of bleach to be used was judged entirely 
by the results of the bacterial analyses, the attempt being made to 
obtain an effluent of the same quality as that obtained from the 
best water filters at the experiment station by the use of the least 
possible amounts of disinfectant. The addition of the largest 
amounts of bleach used caused no appreciable change in the chemi- 
eal quality of the water, the average analysis of which is shown in 
Table VII. 

During February, when bleach equivalent to 0.016 part available 
chlorine was used, the bacteria were reduced from 2 300 per cubic 
centimeter to 200 per cubie centimeter, an average removal of 
about 91 per cent. Many of the samples during this period were 
of satisfactory quality, but over 60 per cent. of the samples con- 
tained more than 100 bacteria per cubic centimeter. During 
March, April, May, and June, the amount of bleach used averaged 
about twice as much as that used in February., In this period, 
the numbers of bacteria before disinfection varied from less than 
200 to about 2300 per cubic centimeter, and the numbers after 
disinfection between 22 and 220 per cubic centimeter. During 
March and April, the removal of bacteria averaged 86 per cent. and 
76 per cent. respectively, 26 per cent. and 19 per cent. respectively 
of the samples collected during these two months containing more 
than 100 bacteria per cubic centimeter, and 4 and 10 per cent. 
respectively of the samples containing over 1 000 bacteria per 
cubie centimeter. Throughout May, the effluent was of satisfac- 
tory quality, none of the samples containing as many as 100 bac- 


teria percubic centimeter, but,owing to the low numbers of bacteria 
in the water before disinfection, the average removal was only S6 
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per cent. During June, the average removal of bacteria was 
91 per cent., owing to an increase in the numbers in the water 
before treatment, but 14 per cent. of the samples contained more 
than 100 bacteria per cubic centimeter. During July, the pro- 
portion of bleach was slightly increased, averaging 0.046 part 
available chlorine per 100000, The result was an average re- 
moval of 99 per cent. of the bacteria with none of the samples 
showing more than 100 bacteria per cubic centimeter. During 
August, the amount of bleach used was somewhat less than in 
July, with the result that the average removal of bacteria was only 
96 per cent., and 8 per cent. of the samples contained more than 
100 bacteria per cubic centimeter. 

It may be of interest to mention that the disinfected effluent 
was pumped to a storage tank from which it was applied to a 
secondary filter. The numbers of bacteria in this water after 
storage of four to eight hours were always higher than in the efflu- 
ent from the disinfection tank, and even after filtration through 
the secondary filter the numbers of bacteria were higher than im- 
mediately after disinfection. This increase in bacteria during 
storage is quite common, and was observed at times in the effluent 
from the pre-filter before disinfection was practiced. The ratio 
of increase, however, after the disinfection experiment was begun 
was much greater, and this can be attributed to the destruction of 
the natural bacterial balance in the water which permitted certain 
types of bacteria to multiply. These types were the more re- 
sistant forms which had escaped destruction, but which, so far as 
we know, have no sanitary significance. 

The cost of disinfection during the last six months varied from 
eight to thirteen cents per million gallons, with bleach containing 
37 per cent. available chlorine at one and one-fourth cents per 
pound. To this should be added the cost of extra equipment for 
adding the disinfectant, which would be comparatively small, and 
the cost of bacteriological supervision, without which the process 
could not be satisfactorily employed. As the experiment was con- 
tinued, it was evident that while very small amounts of bleach 
were effective most of the time, much larger amounts must be 
added at all times if a constantly effective disinfection is to be 
maintained, as none of the usual chemical tests indicate whey. the 
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smaller amounts will fail to be effective. Furthermore, the pe- 
culiar resistance of the types of bacteria growing at body tempera- 
ture mentioned in the previous pages was noted in this experiment, 
and if a safe drinking water is to be produced from the Merrimac 
fiver water by this process, considerably larger amounts of disin- 
fectant will have to be used than the results of the usual counts of 
bacteria at room temperature would indicate. The results of this 
experiment are shown in Tables VI and VII. 


CONCLUSIONS. 

A complete sterilization of a highly polluted water of the char- 
acter of the Merrimac River cannot be obtained by the use of 
either permanganate of potash or bleaching powder, except by the 
ue of extremely large amounts. By the use of permanganate in 
the proportion of 0.5 part per 100 000, or of bleach in the propor- 
tion of 0.1 part per 100 000, a reduction in total bacteria amounting 
to about 99 per cent. may be obtained. 

When bleach is used in combination with sulphate of alumina 
in mechanical filtration, a satisfactory bacterial removal may be 
obtained at much less expense for chemicals than when sulphate of 
alumina is used alone. In such a process, the disinfection occurs 
in the coagulation basin before the water reaches the filter, and 
subsequent filtration introduces a factor of safety which greatly 
adds to the effective purification of the water and greatly reduces 
the chances of the occasional failure of the process. In the ex- 
periments quoted, an effluent of better quality bacterially was 
obtained by the use of about 0.9 grain sulphate of alumina and 
about 0.7 grain of soda per gallon in combination with bleaching 
powder equivalent to 0.11 part per 100 000 available chlorine than 
when nearly double the amounts of sulphate of alumina and soda 
were used without the disinfectant. 

The experiments upon the continuous disinfection of Merrimac 


River water after its passage through a high rate roughing or pre- 
filter indicate that in order to obtain an effluent containing Jow 
numbers of bacteria at all times, the use of bleach equivalent to 
.05 to 0.1 part per 190 000 available chlorine will be necessary. By 
preliminary filtration before disinfection, the amount of disinfee- 
tant required is much less than would be required for treatment 
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of the raw water, but it is probable that an effluent of more uni- 
formly safe quality would be produced if the disinfection process 
had preceded the filtration, as was the case with the mechanical 
filter. That the small amounts of bleach used were entirely elimi- 
nated is evident by the growths of bacteria which occurred in the 
disinfected water when it was held in a storage reservoir. 

No form of disinfection should be practiced without competent 
bacteriological supervision. While the disinfection process might 
be worked efficiently at times, only by frequent and complete 
bacterial analyses can a constantly efficient disinfection be main- 
tained. The peculiar resistance of some of the types of bacteria 
growing at body temperature to the disinfection action of bleach- 
ing powder and similar oxidizing agents, and the possibility that 
these tvpes may have some sanitary significance, would suggest 
that tests for these organisms be made a part of the routine bac- 
terial examinations and that sufficient amounts of disinfectant be 
employed to constantly eliminate these types in order that the 
treated water may compare with natural waters of the same degree 
of purity. The use of disinfection would tend to introduce a feel- 
ing of false security, which in case of the failure of the process at 
any time might result in serious consequences to the health of the 
consumers. For this reason alone, if for no other, the disinfection 
should be followed by filtration, which would tend to reduce the 
chances of failure. 


DISCUSSION. 


Mr. Ropert J. Harpvinc.* I would like to ask Mr. Gage a 
question in regard to the 37 or 40 degree counts. In a raw water 
with 5 000 bacteria from the 20 degree count, about how many bac- 
teria did you get in the 37 degree count? 

Mr. Gace. The numbers varied. Here are some figures from 
the tables. In the raw water in one experiment: .\t room tempera- 
ture, 3 400 colonies; at body temperature, 30; red colonies, 12. In 
another experiment in the raw water, 1 400 at room temperature, 
75 at body temperature, and 14 red colonies. In the same ex- 
periment, with bleach equivalent to 5 parts per million available 
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chlorine, the count was 15 at room temperature, 35 at body 
temperature, with no red colonies. With 15 parts per million in 
the same experiment, we found 1 colony at room temperature, 26 
at body temperature, and no red colonies. That is a constant 
feature all the way through. We thought when we first found 
them that these high body temperature counts were abnormal and 
we began to throw them out, but as the experiment progressed, we 
found they oecurred constantly through all the bleach and per- 
manganate treatments. We did not find this phenomenon with 
any other disinfectants, except these oxidizing agents. 

Mr. Leonarp Mercatr.* I would like to ask Mr. Gage 
whether he observed in any of these experiments that any taste 
was imparted or was left in the water after treatment with these 
disinfectants in the different quantities, such as was referred to by 
Dr. Otis in his paper this morning. 

Mr. Gace. I was rather expecting this question of Mr. Met- 
valf’s after the discussion this morning. We have occasionally 
used the effluent from this mechanical filter for drinking purposes 
in the laboratory, and no perceptible taste or odor was noticed. 
That was in the water after it had been on ice. When the odor 
was taken after heating, in a few cases a faint odor of bleach would 
be detected. After the meeting this morning, I was talking with 
some men who had been using the bleach treatment about that 
very point, and it was stated that this odor is noticeable in case 
certain kinds of bleach are used, particularly the European bleaches, 
but is much less apparent, or not noticeable at all, in the case of 
some of the American bleaches; in other words, it seems to be a 
factor of the bleach, that is, of the chemical itself, rather than 
of the purification plant. 

Mr. ALEXANDER Porrer.t May [ ask if in any of your experi- 
mental work vou have found a higher bacterial count after the 
water passed through the filters than before, and if so, what you 
ascribed as the cause? 

Mr. Gace. We have never found in the effluent from the me- 
chanical filter a higher count than we found in the applied water. 
The rate of filtration, 100 000 000 gallons per acre, is so high that 
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there is little opportunity in the filter for an increase in the num- 
bers of bacteria. In the other case, the sterilization was done after 
the filtration. The effluent from the pre-filter after disinfection 
was pumped into a storage tank and applied to a secondary filter. 
The increase in the numbers of bacteria in this stored water, that 
is, the relative increase, has been very much greater since we have 
been using the disinfectant than it was before we began the disin- 
fection. That is, we may obtain a practically sterile efuent from 
the disinfection basin, but after the water goes through this storage 
chamber, where it receives anywhere from two to eight hours’ stor- 
age before being applied to the secondary filter, the numbers of 
bacteria may run up to 200 or 300 or even higher. As to what 
we would ascribe this, it is simply a question of the survival of 
the fittest and a_re-growth of the more hardy types of bacteria. 

Mr. Porter. Those hardy types you consider entirely harm- 
less? 

Mr. Gace. Entirely harmless. 

Mr. Morris KNow.es.* I have been much interested in this 
paper, especially in the conclusions, for it opens a very interesting 
field for investigation and consideration, as it apparently offers a 
cheap and a quick method of purifying water; at the same time, 
however, it is important for us to consider some of the dangers 
involved in its use. As the author has well said, sand filtration, 
as a safety adjunct, should not be forgotten or disregarded. Be- 
cause of the rapidity by which this method of sterilizing water can 
be made effective, and because of its low cost, we are likely to grow 
‘areless, and the fact that we cannot tell of the results of ordinary 
counts of total bacteria for forty-eight hours and for the counts of 
sewage bacteria for some time longer should make us cautious 
about trusting too much to such a method alone. 

If the water is comparatively clear, and I take it that these ex- 
periments have been made largely upon this type of water, we 
may be falsely led to think that it is all right, but with the type of 
water usually purified by mechanical filtration, the clarification 
itself teaches us, in some measure, when the process ig completely 
carried out, so that the danger of false security, in the latter case, 
is not so great. But with the use of sterilization for clear water, 
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there is nothing to show the eve whether the water is good or not 
after this treatment; thus, while the process is effective if care- 
fully performed, and while it may permit of greater rates of filtra- 
tion, still the safety of having a filtration process should not be 
forgotten and, in the present state of the art, should not be 
disearded. 

There was one remark of the writer which interested me greatly, 
and that was that the chemical character of the effluent water 
was not as satisfactory, if both coagulation and sterilization be 
used, as it was if coagulant alone be used. I think it would be 
interesting if we could be told why this is so. 

Mr. Gace. The reason that the chemical quality of the 
effluent was not as good was because less coagulant was used. 
Only as much coagulant was used as was necessary to produce 
a water of satisfactory appearance. In the first case, with coagu- 
lation alone, it was necessary to use nearly double the amount 
of coagulant in order to remove the bacteria. That is, you can 
take out the color or a considerable portion of it with a certain 
amount of coagulant, but to take out the bacteria requires a 
much larger amount. By using half the amount of sulphate of 
alumina we were able to get water of fairly satisfactory appear- 
ance and chemical quality, — not as good as could be obtained, 
but one which would pass, and by the aid of disinfection one 
which was safe bacterially. Have I made it clear? 

Mr. Knowres. Do I understand that bacterially it was 
better? 

Mr. GaGe. Bacterially it was better. 

Mr. Knowtes. And only chemically it was not so good? 

Mr. Gace. Chemically it was not so good. The total removal 
of organic matter was less simply because we were using less 
coagulant. 

Mr. M. N. Baker.* Mr. President, I should like to ask Mr. 
Gage whether he has expressed the amount of bleaching powder 
used in the same terms as those that were used by Dr. Otis in his 
paper this morning? 

Mr. GaGe. I think so. They are expressed in terms of the 
available chlorine. 
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Mr. Baker. Dr. Otis did not state as to that; he simply said 
so much bleaching powder. 

Mr. Gace. It is usual in the use of bleaching powder to ex- 
press it in terms of available chlorine. Bleaching powder varies 
considerably in strength, depending on where you get it and how 
long you have kept it. 

Mr. Baker. As Dr. Otis is here, perhaps he will clear up that 
point for us. 

Dr. Orts. I think there is no difference in the statement I 
made and that Mr. Gage makes, except that he uses a larger pro- 
portion of chlorine than we use. We use, perhaps, one-half part 
of available chlorine to a million, while he uses one. Mr. Gage’s 
paper was very interesting indeed, but he mentioned only one or 
two substances which he has used. I should like to ask if he has 
‘used formaldehyde in connection with the permanganates, or if 
he has used formaldehyde alone, or if there are any other disin- 
fectants he has used besides those he has mentioned? 

Mr. Gace. During the whole series of disinfection experiments, 
of which this water work is only a part, we have tried at one 
time or another practically all of the cheaper disinfectants and 
some of the more expensive. Among others, I might mention 
formaldehyde, hydrogen peroxide, boric acid, benzoic acid, sodium 
benzoate, phenol, corrosive sublimate, copper salts, and many 
others. Of course, formaldehyde and many of the others would be 
entirely unsuitable for water purification. Peroxide of hydrogen 
might be used if it could be obtained cheap enough. The perman- 
ganates are too expensive at the present prices, and they are also 
much less effective than the bleach. 

Dr. Otts. What form of peroxide have you used? 

Mr. GAGE. We have uked only the straight hydrogen peroxide; 
we have not tried the sodium peroxide. 
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there is nothing to show the eve whether the water is good or not 
after this treatment; thus, while the process is effective if care- 
fully performed, and while it may permit of greater rates of filtra- 
tion, still the safety of having a filtration process should not be 
forgotten and, in the present state of the art, should not be 
discarded. 

There was one remark of the writer which interested me greatly, 
and that was that the chemical character of the effluent water 
was not as satisfactory, if both coagulation and sterilization be 
used, as it was if coagulant alone be used. I think it would be 
interesting if we could be told why this is so. 

Mr. Gace. The reason that the chemical quality of the 
effluent was not as good was because less coagulant was used. 
Only as much coagulant was used as was necessary to produce 
a water of satisfactory appearance. In the first case, with coagu- 
lation alone, it was necessary to use nearly double the amount 
of coagulant in order to remove the bacteria. That is, you ean 
take out the color or a considerable portion of it with a certain 
amount of coagulant, but to take out the bacteria requires a 
much larger amount. By using half the amount of sulphate of 
alumina we were able to get water of fairly satisfactory appear- 
ance and chemical quality, — not as good as could be obtained, 
but one which would pass, and by the aid of disinfection one 
which was safe bacterially. Have I made it clear? 

Mr. Knowres. Do I understand that bacterially it was 
better? 

Mr. Gace. Bacterially it was better. 

Mr. Knowtes. And only chemically it was not so good? 

Mr. Gace. Chemically it was not so good. The total removal 
of organic matter was less simply because we were using less 
coagulant. 

Mr. M. N. Baker.* Mr. President, I should like to ask Mr. 
Gage whether he has expressed the amount of bleaching powder 
used in the same terms as those that were used by Dr. Otis in his 
paper this morning? 

Mr. Gace. I think so. They are expressed in terms of the 
available chlorine. 
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Mr. Baker. Dr. Otis did not state as to that; he simply said 
so much bleaching powder. 

Mr. GaGe. It is usual in the use of bleaching powder to ex- 
press it in terms of available chlorine. Bleaching powder varies 
considerably in strength, depending on where vou get it and how 
long vou have kept it. 

Mr. Baker. As Dr. Otis is here, perhaps he will clear up that 
point for us. 

Dr. Orts. I think there is no difference in the statement I 
made and that Mr. Gage makes, except that he uses a larger pro- 
portion of chlorine than we use. We use, perhaps, one-half part 
of available chlorine to a million, while he uses one. Mr. Gage’s 
paper was very interesting indeed, but he mentioned only one or 
two substances which he has used. I should like to ask if he has 
‘used formaldehyde in connection with the permanganates, or if 
he has used formaldehyde alone, or if there are any other disin- 
fectants he has used besides those he has mentioned? 

Mr. Gace. During the whole series of disinfection experiments, 
of which this water work is only a part, we have tried at one 
time or another practically all of the cheaper disinfectants and 
some of the more expensive. Among others, I might mention 
formaldehyde, hydrogen peroxide, boric acid, benzoic acid, sodium 
benzoate, phenol, corrosive sublimate, copper salts, and many 
others. Of course, formaldehyde and many of the others would be 
entirely unsuitable for water purification. Peroxide of hydrogen 
might be used if it could be obtained cheap enough. The perman- 
ganates are too expensive at the present prices, and they are also 
much less effective than the bleach. 

Dr. Otis. What form of peroxide have you used? 

Mr. Gace. We have used only the straight hydrogen peroxide; 
we have not tried the sodium peroxide. 
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ODORS AND TASTES IN THE WATER SUPPLY OF 
HOLYOKE. 
BY JAMES L. TIGHE, CITY ENGINEER, HOLYOKE, MASS. 
[Read September 8, 1909.] 


In 1849, with the development of the water power of the 
Connecticut River at Holyoke, Mass., and the founding of a new 
city, a public water supply was naturally required. This was 
provided by the private corporation that developed the water 
power, and consisted of a small pipe system connected with a 
reservoir or cistern of 3 000 000-gallon capacity, into which water’ 
was pumped from the river. 

For over twenty years this supply served the town, and although 
the population was increasing and mills and industries multiplying, 
no steps were being taken by the private corporation to improve 
the supply or increase its efficiency. 

In 1871 the service was so poor and inadequate that publie 
sentiment became aroused, the result of which was the appoint - 
ment of a citizens’ committee to investigate and report upon tne 
advisability of a new municipal water supply. 

While the committee was thus engaged, one of the most ex- 
tensive droughts in the history of the Connecticut Valley occurred, 
‘ausing nearly all the wells and springs, many of which were still 
in use in the village, to run dry, and consequently made the whole 
community dependent upon the reservoir supply. 

When the drought, however, was at its highest, the pumping 
machinery broke down and the village was left without a water 
supply for three weeks, during which period the citizens were 
obliged to procure water for their households as best they could, 
and had either to carry it themselves in buckets and barrels from 
the river or purchase it from peddlers who sold it from door to door 
and in the streets. 

By the time the pumping machinery was repaired and the 
water supply again in commission, the village, it was said, could 
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be taken for an Oriental one if judged from the cries of water 
venders that could be heard on all sides. 

This condition of affairs caused so much distress and aroused so 
much public feeling in the community that even the most in- 
different and conservative relative to town expenditures, as well 
as the most radical, became aroused to the need of the hour and 
stood ready to support any proposition for a new water supply 
recommended by the committee, regardless of the cost. 

After a very careful and thorough investigation of the matter, 
in which five sources were considered, the two mountain lakes in 
the southern part of the town were recommended by the com- 
mittee as the best source for a municipal water supply. 

These two natural lakes, known as Ashley Pond and Wright 
Pond, the one covering an area of 145 acres and having a maxi- 
mum depth of 40 feet, and the other an area of 40 acres and having 
a’ maximum depth of 38 feet, were separated by a highway only 
and connected by a culvert, with the nearer or Wright Pond at a 
distance of about three and a half miles from the center of the 
village. (Plate I.) 

It is needless to state that after what had occurred the report 
of the committee was accepted and that the necessary legislation 
was obtained and the works built as soon as possible. 

In August, 1873, or within exactly two years after the citizens’ 
committee was appointed, the new works were completed and the 
expected pure water of Wright Pond, where the gatehouse was 
located, turned into the pipes. This caused great rejoicing in the 
town judging from the local paper and the long editorial in ap- 
preciation of the great achievement, which wound up as follows: 


‘“ Fountains will beautify our gardens, the street sprinkler’s face 
will wreathe with smiles at the proximity of the fluid he loves to 
seatter; the church organs will be *‘ blowed’ by water, and the 
whole town will feel happier and healthier for the introduction of 
water that is not contaminated by sewage or hog-pen drips.”’ 


Apparently the water commissioners, also, felt well satisfied 
with their work, for in their report the following is found: 


“We congratulate the people that this work has been com- 
pleted at such comparatively reasonable expense and that they 
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have a supply of the long-needed, long-wished-for pure water. 
To be instrumental in initiating, executing, and completing an 
enterprise of such great domestic and sanitary importance is 
honor and pleasure enough for one lifetime; and those of our 
fellow-citizens who first enlisted in this work and have since aided 
and encouraged us in our labors will long be remembered by an 
appreciative people.” 


Public appreciation of public duty is, however, often fickle and 
short lived; at least such was the case here when, in the summer 
after the above was written, the new supply became brackish, foul, 
and unfit to drink. 

It was then that the beautiful mountain lakes “* surrounded with 
eravelly shores and fed by copious subterranean springs,” spark- 
ling and pure as the nectar drunk by the gods on Mt. Olympus, 
were discussed in the press and otherwise as nothing more than 
foul, slimy, corrupting, fever-breeding pools.” 

This unpalatable condition of the supply, so soon after its in- 
troduction, was very annoying to the commission, and, to add to 
this annoyance, considerable typhoid and other fevers were preva- 
lent in the town the same season, which were attributed to the 
foul water, provoking considerable controversy in the press 
between the local physicians, who were anything but unanimous 
upon the question. 

In this controversy one prominent physician, who made some 
analyses of the water, wrote as follows: 


“As to the Ashley Pond, I have taken water from the pond in 
four different places at either end and at intermediate points. 
After letting it stand six days in a properly protected and warm 
place, I examined it under the microscope for organic matter. 
The microscope used carried 1-12 object glass and an eyepiece 
that made the magnifying power sufficient to render the 2 500 000- 
000th part of an inch of surface or the 75 000 000 000 000 000th 
part of a cubic inch. This is about as small a business as I care 
to be caught in alone. 

“Furthermore, I have applied a chemical test for organic 
matter, what is called the permanganate test, a test that will 
detect organic impurities to a wonderful nicety, and I do not find 
Ashley Pond water in the least impure. I conclude, therefore, 
that the water is good for a thirsty man and I do not advise it 
to be dissolved in whiskey.” 
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To these statements another physician, who was on the opposite 
side of the controversy, replied by asking why it was that his 
brother physician did not follow a more simple method in his 
analyses, in which a common rake or manure fork could be used 
with better results. ‘* For,” said he, ‘‘ where any farmer sees or 
hears bullfrogs and other swamp-bred animals all summer and 
where he obtains the muck to manure his fields, no microscope is 
needed.” 

Although the more prominent physicians in the controversy 
were unanimous in their opinion that the water was not responsible 
for the fevers then prevalent, the water commission, nevertheless, 
in order to remove all doubt from the minds of the public, as well 
as any further ground for controversy, had these shallow areas ad- 
joining the ponds, which were so much the battle ground of discus- 
sion, diked off the following vear and the height of the ponds raised 
14 inches; these dikes, being built of coarse gravel, allowed the 
water to filter through them. 

These improvements were watched with great interest, as it was 
expected that, with the shallow areas cut off, there would be no 


recurrence of the trouble of the previous year. 

The result, however, was most disappointing, for the water was 
not only much worse in quality, but continued bad for a period of 
more than five consecutive months, or over three months longer 
than in the previous year. 

According to the annual report of the water commissioners, the 
water was foul from the middle of October, 1875, to the end of 


March, 1876, it having to some a “ fishy ” taste, while to others it 
appeared to have a ‘‘ cucumber ” taste, the flavor of “ pond lily 
roots,’ etc. To most it tasted like that of a slightly acrid and 
very disagreeable oil, diffusing itself over the mouth and tongue 
after drinking the water. The bad quality was more marked 
under high heads than lower ones, and the quality at any given 
point seemed to vary considerably from day to day, but the 
characteristic flavor which appeared at the first had not ma- 
terially changed except in degree. 

After making large expenditures in trying to improve the water 
by diking off the shallow areas, it is needless to say what humilia- 
tion the commissioners suffered on finding their efforts unavailing. 
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To their credit it must be said that they still persisted by trying 
every remedy at their command to remove the evil. A thorough 
flushing of the pipe system was resorted to, which, not proving 
effective, was followed by a temporary arrangement in the gate- 
house by which the surface water only was taken into the pipe 
system. This also failing to give the desired relief, Wright Pond 
was drawn down and the Ashley Pond connected directly with the 
gatehouse, but without any improvement in conditions. 

Samples of the water were also collected from both ponds and 
from faucets in different sections of the city and submitted for 
analyses, with a view to ascertaining if the water was deleterious 
to health and, if possible, to discover and suggest a remedy for 
the trouble. All, however, was to no purpose, except that the 
analyses, as then interpreted, showed the water had not changed 
in character since it was first analyzed for the investigating com- 
mittee, “ nor did it suggest any increase in impurities that might 
affect the public health injuriously.”’ 

Besides these efforts made to improve the water, the commission 
had sought information and counsel from outside and found that 
Boston, New Haven, and New Britain, Conn., and other places had 
suffered from bad water the same season, and that in Boston the 
characteristic fishy taste was present in the water; that in Nor- 
wich, Conn., in 1873, according to Professor Stillman’s report, the 
water had a fishy-like odor and flavor; that in Hartford and New 
Haven the same trouble had been experienced, and in the latter 
city the trouble in 1864 was described as a fishy odor and taste 
which returned in 1865 in a more offensive form and again in later 
years; that the Ridgewood water which supplied Brooklyn was 
affected with the same peculiarity of taste in 1862; that the 
supply of Winsted, Conn., took on the same condition in the same 
year; that Burlington, Vt., which was supplied from Lake Cham- 
plain, suffered from poor water in 1870, showing that the germs of 
the evil, whatever they were, did exist in very large bodies of 
water; that the Albany reservoirs had two distinct causes affecting 
them at different periods in past years, the one giving to the water 
the taste and odor of fish, the other imparting to it a musty odor 
and taste sometimes detected in dead wood; that the Cochituate 
water, in October, 1864, showed a marked and peculiar taste re- 
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sembling, in the opinion of some, that of fish, but, in the opinion 
of the great majority, that of cucumber or some similar vegetable; 
that, according to the report submitted to the Croton Aqueduct 
Commission, in August, 1859, by Professor Torrey, and the reports 
of experts to other boards, the trouble was caused by the existence 
of microscopic vegetable growths in the water which are not con- 
sidered deleterious to health. 

In addition to this information collected from outside, the 
advice of Prof. William Ripley Nickol, of the Institute of Tech- 
nology, was sought, who was then engaged in investigating the 
poor condition of the water in one of the Boston reservoirs. 

Notwithstanding that Professor Nickol had visited Holyoke and 
investigated, both chemically and biologically, the water and 
especially the ponds, this skilled expert had no theory at that time 
to offer as to the cause, and, therefore, no remedy to suggest for the 
trouble. 

For a few years after this long period of foul water the supply, 
it seems, was uniformly good and whatever prejudices existed 
against it on account of foulness were fast disappearing. 

In the winter of 1879-SO, however, the evil returned in all its 
intensity. This time, Mr. J. Nelson Tubbs, chief engineer of the 
Rochester Water Works, was consulted because of his experience 
with the same or similar troubles which had affected the water 
supply of Rochester. 

In his report Mr. Tubbs, besides stating that scientists had sub- 
stantially agreed that a considerable number of tastes and odors 
described as ‘ fishy,” woody,” cucumber,” “ pigsty,” ete., 
were caused by microscopic alge, advanced the theory, formed, he 


said, from his own observations and experience, namely, that these 


microscopic organisms at a certain period of their growth became 
detached from stalk root or bottom, rose and for a time remained 
suspended at and near the surface of the water, when under the 
influence of currents they were spread rapidly over a considerable 
surface. That if their coming to the surface was in midsummer 
ina hot sun, they soon died and, through decomposition, gave off 
the odor so well known. On the other hand, if their coming to the 
surface was in cold weather, their disintegration and death did not 
occur so rapidly, and they were carried into the pipe system, where, 
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under the great pressure there existing, they were broken up and 
destroyed, which produced the odor peculiar to them. 

This, he said, accounted for the peculiar fact, already noticed in 
the city, that in the lowest points of the system, where the pressure 
in the mains were greatest and the circulation best, the water was 
most seriously affected, while on the higher grounds and, con- 
sequently, at points of least pressure, the water had least odor and 
taste. From this view of the case, he continued, it could be 
readily seen that the popular notion of thorough flushing of the 
mains as a sure remedy was utterly erroneous, for, instead of 
abating the evil, it helped only to spread it through the whole 
system. 

To favorably modify and probably cure the existing condition, 
Mr. Tubbs recommended that the inlet pipe be extended 400 feet 
further into the pond where the water was about 30 feet in depth. 
This, he said, would place the inlet pipe at such a depth below the 
surface of the water that the current into the pipe would create a 
commotion or draft at the surface of the pond, and the action of 
the prevailing winds would float to the shore all matters held in 
suspension at or near the surface, allowing them to settle there 
and prevent the water in the central portions of the pond from 
becoming impregnated with their peculiarities in any way. 

After this report was made public, exceptions were taken to it by 
a local engineer, who claimed that Mr. Tubbs’ reasoning was wholly 
wrong and that he (the local engineer) knew what caused the evil 
and, what was still better, knew of, as he said, ‘‘ a simple, tried and 
sure method of avoiding it.”’ 

To be able to tell in those days with certainty the cause of odor 
and taste in water supplies, when such were so common all over 
the country, was sufficient to distinguish any scientist, but to be 
able to prescribe a simple cure for them also was more than 
sufficient to make that scientist renowned for all time. 

Was it any wonder, then, that the City Council, as the direct 
representatives of the people, welcomed these statements of this 
engineer and requested him to investigate and report upon the 
matter as soon as possible. This he did, and his report is so novel 
and shows so much ingenious theorizing and speculation that it 
may be of interest enough to give a part of it here, which is as 


follows: 
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‘** My theory is this: That in our ponds, as in most others, a great 
deal of vegetation exists. When this dies in the autumn, its 
decay dissolves it in the form of an essence, which is very dilute in 
the pond, and is not evident to the taste, sight, or smell because of 
its dilution. It then enters the pipes and, because of a property 
which I claim to have discovered and which is the key to any and 
all of the phases of the case that I have ever met with or heard of, 
that is, simply its greater weight than water, it settles gradually until 
it fills all hollows in pipes to such degree as the current of water in 
the same will permit. It will then flow on, impregnating the water 
in no great degree, nor creating much trouble only in such cases as 
where the water is drawn from the hollows which are already 
nearly filled with the same. This process of filling up the pipes 
with this essence goes on in this milder way until such time as it 
has reached the lower end of any given pipe or main in which the 
flow is more or less sluggish. Now a condition is brought about by 
which the water, which up to this time was only slightly tainted, 
begins suddenly to be intensely bitter, while in some localities, 
oftentimes but a few vards or even feet distant, the water will be 
passably good, while in some others there will be neither taste nor 
smell evident at any time in the whole season. All of these phases 
are easily explained as follows: When the essence in its slightly 
bitter concentration reaches the lower extremity of a main it then 
becomes concentrated, till, in its most intense concentration, /t 
begins to fill up from the lower end much as water would fill up; 
and any person drawing water in the concentrated essence would, 
of course, draw the impurity, while another party situated on the 
same pipe, but above the level to which the impurity had filled up, 
would draw only the degree of impurity as had time to accumulate 
in its passage from the pond, which is generally very slight, and 
depends for its amount on the sluggishness of flow in that particu- 
lar pipe, or even portion of the same, and also on the distance from 
the reservoir. Both these elements combine to modify the taste, 
and both must be reckoned on in accounting for it at any given 
place. 

‘ The following are a few of the many seeming paradoxes relating 
to this water question, each and all of which have occurred time 
and again and which can be explained every time by the extra 
weight of the impurity, by virture of which it seeks the lowest 
points at first and then, by filling back, will evidence itself.only 
at and below the level to which it has attained, with such modi- 
fications as quickness of current and other circumstances bring 
about. 

“CASES IN POINT. 

‘** Water may be drawn, both good and bad, out of the same pipe 

at the same time and at nearly the same place. Impure water 
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may be drawn at one hour and pure water at another hour out 
of the same faucet, and this can be often repeated. Cause: a 
quickness of current would cause it to go away from a given place, 
and would cause it to appear at a higher level, in some other place 
than its ordinary accumulation had carried it to. The other state 
of affairs will again prevail when the current assumes the usual 
flow. Many other phases of its action can be all explained on 
this same line of reasoning, only bearing in mind the modifying 


conditions. 
“Good and bad water may also be drawn from the same street 


main at the same time, and at the same level, provided that the 
size of the main varies sufficiently, as if a 12-inch pipe was reduced 
to a 6-inch, for a distance, and the 6-inch was then connected 
with a 10-inch, the current which in the 12-inch would be 
sluggish and admit of accumulation would be four times as rapid 
in the 6-inch, and would admit of no accumulation, and only 
the passage in greatest degree of the pure water, which it must be 
remembered will be forced over the sluggish and heavier deposit in 
the 12-inch pipe. The water in the 10-inch portion could be a 
great deal better than that in the 12-inch, as the flow in each is in 
the ratio of 144 to 100, nearly.”’ 

The remedy for the trouble, the report goes on to claim, was the 
addition of a number of blow-offs and a much more thorough 
flushing of the pipes, a remedy which, according to the other 
expert, Mr. Tubbs, would be ineffective and a useless expenditure 
of time and money. 

“ When doctors disagree, who shall decide? ”’ 

This evidently was what the water commissioners thought at 
this time, as the recommendations made by Mr. Tubbs were never 
executed and history does not state whether any attempt was ever 
made to test the truth of the theories propounded by the local 
engineer, 

From now on foul water for a few weeks in the early spring of 
nearly every vear was taken as a matter of course for which 
there was no remedy, and was given little attention except in an 
oceasional year when the odors and tastes would be unusually bad. 

At these periods, the management was never short of suggestions 
and remedies from interested citizens. On one occasion the 
aération of the ponds by windmills was proposed, and those who 
advocated the scheme were called windmill theorists. On another 
occasion, the construction of large ice houses around the shores 
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of the ponds was suggested, for the purpose of harvesting the ice 
cut from the ponds, in order to keep open water in the late winter 
and early spring. But perhaps the most novel suggestion of all 
was that of placing on the ponds a flotilla of side-wheeler steam- 
boats for agitating and aérating the water. 

After the causes of most odors and tastes found in surface water 
reservoirs became well-known and were traced to specific micro- 
scopic organisms, but more especially after the appearance, in 
1899, of ** The Microscopy of Drinking Water,” by Mr. Whipple, 
the question of odors and tastes was taken up by the Engineering 
Department with this book as a guide in a somewhat systematic 
manner by making microscopical examinations of the water at 
intervals, a work which it has continued to the present time. 

On account of the large size of the ponds, the shore lengths of 
which, including all cut-offs, measuring about ten miles, it was 
thought advisable to collect samples around the shores at different 
points as well as from the gatehouse. 

For this reason over thirty stations were established from which 
samples were collected and examined on the field at the same 
time. This provision of taking samples at different points proved 
to be a wise one, for not only did it enable the biologist to become 
acquainted with the plankton of the reservoirs, but when certain 
specimens were desired, such as volvox, ete., like the successful 
fisherman, he always knew where to cast his line. 

The first spring that the water tasted bad after these examina- 
tions were commenced, uroglena was found in Wright and Ashley 
ponds at all the stations where samples were collected. 

Uroglena was also found in the shallow area that was diked 
off from Ashley in former vears, but, strange to say, was not found 
in that diked off from Wright. The discovery was also made 
that the small artificial reservoir, known as the Bray Reservoir, 
located across the road about 250 feet from the Wright Pond, and 
on the main feeder of the latter, contained no uroglena. (Fig. 2.) 

This reservoir was constructed in 1883 and has an area of 22 
acres and a capacity of 70 million gallons. When constructed, 
no stripping was done nor was any of the organic matter re- 
moved from the basin except that removed in the grubbing. 
Its high-water mark is about 20 feet higher than Wright or Ashley, 
both the latter being on the same level. 
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It was further discovered that the very small pond of not over 
an acre in area and but a few feet in depth at its deepest place, 
located directly across the road from Wright, and having hardly 
any watershed of its own, but fed by the seepage from the Bray 
Reservoir, contained uroglena in such large numbers that it was 
called the incubator. 

Although it was always difficult to find the organism itself in 
samples examined from the tap, vet there was no hesitation in 
coming to the conclusion that the odors and tastes in the tap water 
were identical with those in the concentrate of the sample collected 
in which the organisms were found. 

There are no odors or tastes produced by organisms more 
sasily detected than those produced by uroglena. In fact, it is 
only necessary for the biologist to become acquainted with these 
characteristics once to never forget them afterwards. 

Moreover, the odors and tastes produced by uroglena are always 
most pronounced in the test tube or counting cell, in which the 
organisms are concentrated. This can hardly be said of the odors 
and tastes produced by some of the other organisms, which, 
although decidedly noticeable in the tap water, may be but faintly 
if at all noticeable in the concentrate in the test tube or counting 
cell. 

Here it might be well to state that the finding of uroglena at 
this time in the Ashley system was not unexpected, as these 
organisms were discovered in the gatehouse some vears before by 
the State Board of Health, who attributed to them the bad quality 
of the water at that time, and the only surprising thing about them 
now was the manner of their distribution. 

When the above conditions, as stated, were established beyond 
a doubt, and when it was proved, as far as circumstantial evidence 
could prove it, that uroglena was and must be the cause of the 
long-standing trouble in the water, it was suggested that the intake- 
pipe be extended from a point outside the gatehouse in Wright 
Pond to Bray Reservoir, in which uroglena had not been found, 
and that the supply be drawn from Bray and also from Tannery 
reservoir during the uroglena period. 

As both these reservoirs were of small capacity and, therefore, 
could not be depended upon for any length of time, it was also 
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suggested that connections be made with the Fomer Reservoir, 
which was built as an auxiliary supply a few vears before, and in 
which no trouble from uroglena or any other organism had been 
experienced or were likely to be experienced on account of its 
small storage and large watershed. This reservoir was located 
back in the mountains in Southampton on the head waters of the 
Manhan stream at a distance of about 10 miles from Ashley Pond 
but discharged into the southerly end of the latter, and, to make 
connection therewith, required only 7 000 feet of piping. (Plate I.) 

These suggestions were favorably considered by the manage- 
ment and the work was executed in the summer of 1903 at a cost 
of about $25 000. ; 

What the results were going to be were anxiously awaited and 
perhaps it may be said that disappointment was felt by some at 
least in the following spring because no uroglena appeared in the 
ponds, or odors or tastes in the tap water, so that the success of 
the new remedy could not be demonstrated. 

The water was again of good quality in the spring of 1905, and 
no uroglena was found in the ponds except a few colonies in the 
middle of April, which disappeared before the month expired. 

In the spring, however, of 1906 the old evil returned and the 
first warning was given in the early part of February when a few 
colonies of uroglena were found in the intake or Wright Pond, 
From this time on, the colonies kept increasing until, on the 
5th of March, the number of colonies counted was 226 per cubic 
centimeter. 

In a few days after this, the water, which had already an un- 
pleasant fishy taste, became not only unbearable to drink but to 
cook with, and complaints were thundered into the water depart- 
ment about its condition from all sides. On the afternoon of the 
Sth of March, in the midst of this tumult of complaint about 
‘rotten water,” ‘‘ dead fish,” and so forth, the new remedy was 
applied by the shutting off of Wright and Ashley and the turning 
on of Bray and Fomer reservoirs instead. The effect of this 
change seemed magical, for in seven hours after the change was 
made not even a trace of the bad tasting water could be detected 
from a tap in the city. After analyses had shown that the uro- 
glena had disappeared, the system was changed back and satis- 
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factory water drawn from Wright and Ashley ponds. Hence it 
was that the new remedy on its first trial proved a success, and 
fully justified the conclusions that the spring trouble was caused 
by uroglena in the ponds. 

No further trouble with the water was experienced until the 
autumn of 1907. In the early part of November of that year a 
couple of colonies of svnura were found in a sample taken from 
the Wright gatehouse, but as the water at this season had not 
been known to give trouble for a great many years, or, in fact, 
since the memorable vear of 1875, little attention was paid to the 
matter. 

It was only a couple of weeks after, however, when a dozen 
colonies of synura per cubic centimeter were found in the gate- 
house and when the water drawn from the taps began to have an 
unpleasant taste. A few days later the genuine cucumber flavor 
made itself perceptible, and toward the end of the month the 
water tasted apparently as objectionable as it ever did in the 
worst periods of the uroglena epidemics. 

The management, who had already been advised as to the cause 
of the condition of the water, had the Ashley and Wright ponds 
put out of commission and the Bray and Fomer supplies sub- 
stituted, as was done before in 1906 during the uroglena period. 
The change was made on the evening of December 1, with the 
result that on the following morning no cucumber or any other 
taste could be detected in the tap water. Hence again the new 
remedy proved effective and demonstrated that synura was the 
‘ause of the trouble this time. 

Like uroglena, synura reveals very plainly its characteristics 
in the concentrate of the sample, either in the test tube or counting 
cell, and also like the former these characteristics when once 
observed are not easily forgotten. 

The discovery of synura in Wright and Ashley ponds in the 
autumn of 1907, giving to the water a cucumber flavor, is more or 
less suggestive and explanatory of the cause of the conditions that 
existed in the autumn of 1875 and until the spring of 1876, when 
the water tasted bad for a period of over five consecutive months. 

What oceurred then, as it now appears, was an epidemic of 
synura in the fall followed by an epidemic of uroglena which lasted 
until the middle of the following March. 
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This condition would be exactly repeated in 1907-1908 had we 
the normal uroglena trouble in the winter and spring of 1908. 
Fortunately, however, uroglena did not follow synura, and the 
odors and tastes produced by the latter had disappeared in the 
early part of January. 

Before leaving this question of odors and tastes in the Ashley 
system, it may be of some interest to know that in 1902 the water 
had odor and taste from the middle of March to the beginning of 
May; that in 1903 it had odor and taste from the beginning of 
February to the middle of April; that uroglena was found this 
vear from the beginning of January to the middle of May in Ashley 
Pond, Wright Pond, in the shallow area diked off from Ashley, 
and in Bray small pond; that uroglena was not found in Bray 
Reservoir, in Tannery Reservoir, or in the shallow area diked off 
from Wright Pond; that the maximum number of colonies of 
uroglena per cubic centimeter found in Ashley was 37, in Wright 
S4, in Ashley cut-off 48, and in Bray small pond 662; that in 1904, 
the tap water was free from taste and odor and the ponds entirely 
free from uroglena; that in 1905, the water was free from taste 
and odor and the ponds free from uroglena except in the month 
of April, when a few colonies were found which disappeared soon 
afterwards; that in 1906, uroglena appeared in Ashley, Wright, 
Ashley cut-off, Bray small pond, and Tannery Reservoir between 
the end of February and the middle of May; that odors and tastes 
were decidedly noticeable between the beginning of March and 
the middle of April; that the maximum number of colonies found 
in Ashley was 32 per cubic centimeter, in Wright 39, in Ashley 
cut-off 260, in Bray small pond 31, and in Tannery Reservoir, in 
which uroglena was found for the first time, 51; that in the spring 
of 1907, the water from the tap was of excellent quality and that 
no uroglena was found in any of the ponds; that in the autumn 
of the same vear the maximum number of colonies of synura 
found in Wright gatehouse was 38; that in the spring of 1908, 
the water was free from odor and taste and the ponds free from 
uroglena and that in 1909 uroglena was found in Wright Pond 
between April 18 and May 24, the maximum number found being 
14 per cubic centimeter, and that in the month of May the water 
from the tap for a short time had some odor and taste but not of 
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sufficient intensity to call it very objectionable or to cause the 
system to be changed. 

It must not be inferred that there are no other organisms in 
these ponds and reservoirs but uroglena and synura. On the 
contrary, specimens apparently of nearly all the fresh water 
plankton are met with but as, so far as has been noticed, they have 
‘aused no odor or taste in the water, no attention has been paid 
to them here. 

Aphanizomenon, dinobryon, and asterionella are very common, 
and the first is abundantly found throughout the autumn, espe- 
cially in the months of November and December. Unlike many 
other ponds and reservoirs, one very peculiar but fortunate thing 
about the Ashley system is that the water in these ponds is always 
best in the summer season or between the spring and fall over- 
turns, when it contains practically no microscopic organisms, 
and the troublesome summer organism, anabzena, has not acquired 
a foothold here as vet, which cannot be said, however, of one of the 
other storage reservoirs of the city, known as the Whiting Street 
Reservoir. 

In 1884+, when it was thought advisable to increase the supply, 
the Whiting Street Brook, so-called, was added; this flowed on the 
other side of the city from the Ashley system in Northampton, 
just across the Holyoke boundary line. (Plate 1.) When this brook 
was taken, its normal flow was considered sufficient as an additional 
supply for some years, and consequently only a small intake reser- 
voir, having less than 2 million gallons capacity, was constructed. 

In 1890, when it was again thought necessary to increase the 
supply, a large storage reservoir was built on this brook and located 
about a thousand feet above the intake and at the foot of Mt. 
Tom. This reservoir covers an area of 114 acres, has a capacity 
of 500 million gallons, and an average depth of 13 feet. Its 
elevation at high-water mark is 32 feet higher than the high-water 
mark of the intake, and the reservoir is so arranged that it can 
either feed the latter by letting it flow thereto in an open channel, 
or the city mains directly, through a pipe line laid from its gate- 
house. (Fig. 1.) 

In the construction of the reservoir, the basin, which was both 
meadow and woodland, was not stripped, and few, if any, of the 
stumps were removed. 
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This reservoir from the beginning contained its share of micro- 
scopic growths and that of anabzena, especially in the summer 
time. 

Notwithstanding that in oceasional years this organism was so 
abundant that a green scum covered over almost all of the surface 
of the reservoir and that the turbidity of the water increased to 
three or four times its normal, no general complaint was heard 
about its quality from the consumers. 

It should be said here that the water was not being served 
directly from the large reservoir, but first let down the channel to 
the intake above described before being taken into the pipe 
system. 

In the summer of 1906, more pressure was desired in the terri- 
tory served by this water, and accordingly it was proposed to 
draw from the storage reservoir direct and thus increase the 
pressure about 14 pounds. 

At this time the greater part of the surface of the reservoir was 
covered with the old Paris green mantle, as it was termed, and the 
water contained anab:ena to the number of 25 500 cells per cubic 
centimer and had a turbidity of about three times the normal. 

On the 3d of August the change was made with the result that 
the next morning the tap water in the territory served was 
absolutely unfit for use, even for washing purposes. 

This condition, of course, caused no end of complaints, some of 
which, although bitter in the extreme, had their humorous side, 
as Was instanced in one case when a party, who evidently had 
lived at some previous time in the neighboring city down the 
river, in describing the vile characteristics of the water, said that 
it smelled and tasted as bad, or even worse, than the Springfield 
water. 

It is needless to say that the higher pressure had to be sacrificed 
and the supply changed back and drawn again from the intake 
reservoir, after which no more complaints were heard. 

This dissertation on the Whiting Street Reservoir supply has 
not been given for the purpose of describing the troubles caused 
by anabena in water, which are well-known to water-works 
officials, but for the purpose of showing the value of aération as 
applied to surface-water reservoirs, a feature, apparently, that in 
the past had never received the recognition it deserved. 


Me 


TIGHE. 

No experiments on a large scale could show in a more practical 
way the value of aération than this. For here was a water, ab- 
solutely vile in taste and odor, improved so much as to make it 
palatable and unobjectionable to the consumer, because of its 
being conveyed at the rate of froma million to a million and a half 
gallons per day in a narrow open ditch about 1600 feet in 
leneth, before being taken into the pipe system. 

In order to find out if some further remedy could not be applied 
to improve still more the quality of this water, the advice of Mr. 
Allen Hazen, of the firm of Hazen & Whipple, of New York, was 
sought. Mr. Hazen, in company with Mr. I. E. Lochridge, of 
Springfield, who had a large experience with anabwena in the 
Ludlow supply, visited the reservoir. Whatever magic these 
gentlemen performed, anabzena disappeared within two weeks 
after and has not appeared again to give any trouble from 
that time to this. 

The absence of any trouble from anabzena in Whiting Street, and 
the good quality of the water drawn from here since then, has been 
a very fortunate condition, especially last year (1908) when this 
reservoir had to be substituted for the high-service on account of 
the poor quality of the water in the latter. 

The high-service reservoir is located on what was the main 
feeder of Ashley Pond, at a distance back in the hills of about 
1 500 feet from Ashley, and where the elevation of the brook was 
SO feet higher than Ashley. 

It covers an area of 61 acres, has a capacity of 350 million 
gallons, an average depth of 18 feet, and a maximum depth of 
30 feet. (Fig. 2. 

Its drainage or catchment area is only 302 acres, but the reser- 
voir can be filled by the Fomer pipe-line, which is extended thereto. 

Believing that all reservoir basins, especially distributing reser- 
voir basins, should be as free as possible from organic matter, and 
having in mind the troubles caused by organisms in the Ashley 
system of ponds and in the Whiting Street Reservoir, from the 
basins of which practically none of the organic matter had been 
removed, and believing also in the theory then prevailing that 
the removal of all organic matter from reservoir basins was an 
important factor in the prevention of the growth of troublesome 
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organisms, it was determined at the outset that the high-service 
basin should not only be stripped and cleaned, but that the work 
should be very thoroughly done. 

In accordance, therefore, with this policy, the basin was stripped 
and cleaned to a very desirable bottom. This necessitated in some 
places the removal of peaty matter, which covered a considerable 
portion of the bottom to a depth of from 1 to 3 feet, and in one 
particular place to a depth of 12 feet, where a pocket of genuine 
peat was found covering an area of about 2 acres. 

But besides the removal of this vegetable matter, considerably 
more of the material underneath it, which was of a gravelly, 
clayey character, was removed from a great portion of the basin 
and placed in the dam or embankment; the latter, containing 
about 100 000 cubie yards, being built entirely of material taken 
from within the basin. 

In 1899 the construction of the new reservoir was commenced, 
and, as the cost was practically taken from the yearly income of 
the water department, it was not finished until the autumn of 
1904. In the following winter, the gates were shut to fill the 
reservoir, which overflowed in the spring of 1906. 

Owing to unavoidable delay caused by putting in the new pipe 
lines, and rearranging the pipe system in the high-service terri- 
tory, the reservoir was not put into commission, with the exception 
of a few weeks in the fall of 1907, until the spring of 1908, when, on 
the 23d of April, the water was turned on for permanent service. 

It was not more than a few weeks after this when complaints 
were received about the bad taste and odor in the tap water, and 
consequently a microscopical examination was made, which 
revealed the presence of chlamydomonas. 

Samples were now examined on the field, when it was found that 
the water in the gatehouse contained as high as 1376 of these 
organisms per cubic centimeter. 

This was on May 26, and on June 1 the number increased to 
1720. The latter was the maximum number found in any of the 
146 samples examined between May 26 and the end of August, 
when at the latter date the organism had practically disappeared. 

One important peculiarity noticed about these organisms was 
that they were not found at or near the surface of the reservoir, 
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and by taking samples at various points and different depths in 
the reservoir it was shown that a depth of about 12 feet had to be 
reached before finding them. 

It was also shown that, although these organisms were found 
at or very near the bottom of the reservoir, they were found most 
numerous between 12 and 20 feet from the surface. 

It is, therefore, evident that these organisms were influenced by 
temperature or light, as in the gatehouse, which was totally dark 
and where the temperature was somewhat lower than at the surface 
of the reservoir, they were found as numerous at the surface of the 
water as at any point beneath it. 

The bad quality of the water from the taps, in the month of May, 
was very naturally attributed to these organisms, to which was 
also attributed the dark greenish color of the water, which was 
very noticeable in the bath tub. 

Although taste and odor were very pronounced in the tap water, 
neither of these characteristics could be detected in the water in the 
reservoir, which, to the senses at least, appeared to be of good 
quality. 

The taste and odor noticeable in the tap water could not be 
called either fishy, grassy, or aromatic in character, but were more 
like those produced by decaying animal matter and seemed to be 
even more objectionable than the uroglena or synura flavors. 
Unlike these, however, they were not pronounced in the con- 
centrate or in the counting cell, where the tastes and odors pro- 
duced by uroglena and synura are always so demonstrative. 

When it was seen that the bad condition of the water was likely 
to last for some time, the Fomer pipe line was turned on, which 
discharged about a million and a quarter of gallons per day into 
the reservoir at a point about 100 feet away from the intake pipe. 
This dilution seemed to serve the purpose, as no complaints about 
the bad quality of the water were again heard for some weeks. 

When they were again heard, however, the trouble, it was 
thought, was caused by another organism, known as chara,— or 
probably what the botanist would call nitella, both organisms 
being practically alike,— which was discovered in the reservoir in 
the middle of July. Chara is by no means a microscopic organism, 
like those discussed above, but is a water weed which grows to 


4 
| 
re 


TIGHE. 345 


considerable size under the surface of the water on the bottom and 
sides of the pond or reservoir in which it is found. (Figs. 3 and 4.) 


CHARA 


FROM LENOX RES, 


Two-thirds full size. 


In botany, chara and nitella are classified as genera of the order 
of characea, which we are told is of great antiquity and without 
any living relatives now. In many respects the plants of this 
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order are closely allied to the filamentous algz, but are dis- 
tinguished therefrom in their resemblance to the higher plants by 
having stems, branches, leavelets, etc. 


, 


NITELLA? 


FROM HOLYOKE HIGH SERVICE RES: 


1909 
Fig. 4. 


Two-thirds full size. 


These two genera, which make up the bulk of the characez 
order, are found growing more or less in quiet fresh waters in 
temperate regions all over the world, and it was in the common 
species of chara, known as “ chara vulgaris,” that the important 
fact of vegetable circulation was first discovered. 
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The plants of both chara and nitella grow in some places to a 
length of from 3 to 4 feet, while their stems are not much thicker 
than a stout needle. Each plant or stem is attached to the bottom 
by slender thread-like rootlets, and has branches regularly arranged 
in cirelets or whorls, each whorl consisting of an equal number of 
branches which, according to the species, may be of any number 
from five to twelve. 

The species as found in the high service grew in dense irregular 
mat-like patches all over the bottom and sides of the reservoir 
except where the depth of the water exceeded about 20 feet. The 
largest plants measured about 2 feet in length and had whorls of 
eight branches spaced from an inch to an inch and a half apart. 
The areas of the patches, as were found later when the reservoir 
was emptied, varied from a few square feet to several thousand, the 
maximum measuring about 50 feet by 120 feet, or 6 000 square feet. 

The growth at this place seemed to be the most healthy and 
luxuriant in the whole reservoir and was exactly at a depth of 
134 feet below the surface of the water. It was at a place, too 
which one would expect to be the last to find vegetable growths 
of any kind whatever, because the bottom here was a peninsula 
running out from the south end of the dam that was excavated to 
hard pan and rock, not for the purpose of removing vegetable 
matter, of which there was very little, but for the construction of 
the dam, for which the material was excellent, it being of a hard, 
clayey, gravelly character. 

But this luxuriant growth in this barren place was not the 
whole, for as if to show contempt for and independence of anything 
of a vegetable or organic character, these water weeds grew luxu- 
riantly on the stone pavement of the dam where there was nothing 
for the rootlets to derive nourishment from except the selected 
gravel that filled the interstices of the pavement. 

Authorities state that the rootlets are for simply holding the 
plant in place and are not otherwise necessary to its life, since food 
is absorbed, as in the alge, directly by the body of the plant from 
the water in which it lives. 

Be this as it may, the writer in trying to raise these plants in 
glass jars was only successful where an adequate quantity of silt 
or mud was placed in the jars, as the plants did not thrive but 
died in the ones where the silt was but scantily placed. 
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But perhaps one of the most important peculiarities noticeable 
about this plant was the strong odor therefrom on its being taken 
out of the water. To many persons who observed this odor it 
seemed to resemble most nearly that from the skunk. The 
botanist, it seems, has paid no attention to this property of chara, 
although he has described the pig-pen characteristic of the plant 
when decaying. This is the more singular, too, since the odor is 
decidedly strong in the youngest shoot, in which decay is out of the 
question. 

In the water from the tap, the odor detected would remind one 
of sulphurated hydrogen, while in the reservoir no odor or taste 
could be detected in the surface layers of the water or until the 
lower layers were reached, and then not nearly as strong as from 
the tap water. 

As the summer advanced, the quality of the water gradually 
became worse, and in the middle of August became so foul that the 
reservoir had to be shut off entirely and the Whiting Street Reser- 
voir, which is only about 40 feet lower in elevation, substituted to 
supply the high-service district. 

So far as is known, chara is not common in the reservoirs of 
New England, and. up to this time was known only to give trouble 
in one reservoir in Massachusetts. 

This was in the town of Lenox, where a*growth of chara, as 
stated by Mr. I. J. Newton, the superintendent, has been chronic 
in the reservoir for the past ten or twelve years. In 1898, the 
taste and odor observed in the supply were attributed to this 
organism, as have those also which have been observed in the 
supply from time to time ever since. 

After the trouble was traced to this plant, the reservoir was 
emptied and from 6 to 12 inches in depth of the bottom, which 
is of a clayey character, was removed. This, however, did not 
prevent the growth of the organism, as in the following year it 
appeared again and in a vear later grew as luxuriantly as it ever 
erew before the reservoir was cleaned. 

When odor and taste are observed in the water, the remedy is 
to draw the supply from or near the surface of the reservoir, and 
the inlet had been arranged so that this could be done at any time. 
A peculiar remedy, though, to get rid of the chara, was the stocking 
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of the reservoir with carp, which, the superintendent states, feed 
upon the young plants and thus destroy their growth. 

How much of a delicacy or nutrition these fish can find in such 
plants can be judged from the analysis made by Mr. Whipple, in 
the Hazen and Whipple laboratory, of the plants found in the 
high-service reservoir, which contained, besides water and a little 
organic matter, 0.22 per cent. of phosphates, 0.36 per cent. of 
alumina, 0.56 per cent. of sodium, 0.95 per cent. of iron, 2 per cent. 
of magnesium, 2.64 per cent. of potassium, 2.77 per cent. of manga- 
nese, 2.99 per cent. of silica, and 234 per cent. of lime. 

As is seen, the chief mineral constituent of these plants is lime, 
hence, is it not strange to have such a luxuriant growth in a water 
comparatively free from lime, if the hardness of the water is any 
indication of this mineral?—the hardness being only slightly over 
2 parts per 100 000 (Clark’s scale). 

As the high service was unfit for use, it was drawn off in the fall 
and kept empty during the winter months in order to see what 
effect this, together with the frost, would have upon the chara 
growths afterwards. 

Moreover, because no odor or taste had been detected in the 
upper strata of the reservoir, and because the feed or inlet pipe to 
the gatehouse was at a depth of 18 feet below high-water mark, 
it was thought advisable, in case there should be any recurrences 
of the trouble, to be able to draw the supply from or near the 
surface of the reservoir. To accomplish this a brick well with a stop 
plank opening was constructed around the end of the inlet pipe 
to serve this purpose. 

Drawing off in the fall and refilling the reservoir in the spring 
has proved to be a wise procedure, because the quality of the 
water from the time the reservoir was put in commission again, 
which was in the middle of June last, to the present time, has been 
excellent. 

The organism chlamydomonas, which was present in such large 
numbers in the reservoir last year, was not found at all this year, 
and while the emptying of the reservoir, or frost, or both together, 
did not kill or annihilate entirely the chara, its growth was 
affected and retarded so much that only traces of the organism 
have been found in the reservoir so far this vear. 
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These traces, however, indicate that there is likely to be a con- 
siderable growth of this species of water-weed next year. If 
such does occur, it will be subjected to a much more exacting 
analysis, especially relative to its adaptability for imparting odors 
and tastes to water, than it was subjected to last year. 

Notwithstanding that the troubles in the Lenox Reservoir are 
attributed to chara growths, and that these growths had also been 
known to cause trouble in a reservoir in 1895 in central New York,* 
vet, because of the peculiarity of the case here occasioned by the 
large number of chlamydomonas present in the reservoir, and to 
which the bad quality of the water was attributed previous to the 
discovery of the chara, the question might be raised as to whether 
chlamydomonas was not responsible in some unknown manner 
for the trouble attributed to the chara. It might, therefore, be 
advisable to await further investigation and evidence before 
establishing as an absolute certainty that the species of water- 
weeds as found in the high-service reservoir of Holyoke impart 
odor and taste to water. 

DISCUSSION. 

Pror. Witut1am B. Mason.7 I have the highest appreciation 
of Mr. Hazen’s professional ability, but I could not help being 
struck by the fact, as stated by Mr. Tighe, that his mere presence 
in Holyoke cured the evil from which they were suffering. I 
should like to inquire if Mr. Tighe knows what happened in the 
still watches of the night, and if he is sure that Mr. Hazen did 
not put a little copper sulphate into the reservoir. I do not know 
to what extent the use of copper sulphate is permissible in Holyoke, 
but we all know that copper sulphate is a mighty agent for ridding 
waters of material of the sort spoken of, and I was wondering 
whether it was put in on the quiet or not. (Laughter.) 

Mr. TicHE. I will say in answer to Professor Mason that I do 
not think it was, because Mr. Hazen and Mr. Lochridge were not 
at the reservoir more than an hour in the forenoon, although they 
might have come afterwards, unknown to me,in the middle of the 
night. (Laughter.) 


* See JouRNAL of the New ENGLAND WATER Works ASSOCIATION, Vol, X, p. 252. 
+ Rensselaer Polytechnic Institute, Troy, N. Y. 
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Mr. Epwarp Bartow.* Have any experiments with chemicals 
been tried in Holyoke, Mr. Tighe? You have several reservoirs 
there, so that you can take water from one or another as you 
please, but in many places there is only one reservoir, and chemical 
treatment or something of that sort seems necessary. 

Mr. TicHEe. The State Board of Health does not advise the use 
of copper sulphate, and in our case, on account of the arrangement 
of our reservoirs, we can get along without its use. When one 
reservoir is bad all we have to do is to cut it out and draw from 
another; even in case we cut out our high-service reservoir, the 
Whiting Street Reservoir is only 40 feet lower, so that by draw- 
ing from the latter the loss in pressure is hardly noticed by the 
consumer. 

Mr. W. C. Hawtey.7 . Do I understand that the Massachusetts 
State Board will not allow even a trial of copper sulphate? 

Mr. TiGHe. The Massachusetts State Board of Health does 
not recommend it, at least, and I do not know of any place in 
Massachusetts where it has been used except some time ago in 
an abandoned reservoir of the Springfield Water Works for 
experimental purposes. 

Mr. Hawtey. Iam glad I am from Pennsylvania. Our State 
Board of Health suggests the use of copper sulphate, approves it, 
and excellent results have been obtained from its use. 

Mr. Leonarp Metcatr.{ I should like to ask whether Mr. 
Tighe has made any experiments with the use of copper sulphate, 
or whether the State Board made such an experiment, and if so, 
with what result? 

Mr. Ticue. As I understand it, the State Board made ex- 
periments with copper sulphate in connection with the Springfield 
Ludlow supply, but I could not say with what results. I think the 
experiments were on anabena. Iam not aware that the State 
Board experimented with chara in any place in the state, be- 
cause our reservoir is, so far as I know, the second reservoir in 
which it has been found in Massachusetts. I do not know of any 
place in the state where copper sulphate has been used in a 


* Director State Water Survey, Urbana, Ill. 
+ Chief Engineer, Pennsylvania Water Company, Wilkinsburg, Penn. 
t Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
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reservoir from which the water was being used by a city or town, 
and at Holyoke we have not made any experiments on the chara 
with copper sulphate. 

Mr. Mertcatr. I should like to ask Mr. Tighe what the cost 
of stripping the basin for the reservoir was. 

Mr. TicHe. I should think, for the stripping alone, between 
$60 000 and $75 000. 

Mr. GeorGcE C. Wuippce* (by letter). The writer has read Mr. 
Tighe’s paper with great interest. It is not often that a busy 
city engineer takes the time to patiently study out the micro- 
scopic organisms found in the water supply under his charge, 
in the way that Mr. Tighe has done. The city of Holyoke has 
certainly benefited by the knowledge he has thus acquired, 
and the citizens have received a cleaner and better water than 
they otherwise would have. 

The historical portion of Mr. Tighe’s paper is of special interest, 
as it serves to emphasize the great step in advance that has been 
made since the early days referred to, when the bad tastes and 
odors in the water supply were attributed to almost every cause but 
the right one. Although we may congratulate ourselves that we 
understand the subject better than we once did, it is humiliating 
to think that we still know so little in regard to the conditions 
which cause the growth of the troublesome microscopic organisms. 
Although we know many of the factors that influence their develop- 
ment, we are still very much in ignorance as to the particular 
combination of causes that suddenly brings about a development 
of anabzena or some other organism in a reservoir that has previ- 
ously been without them. 

During the last ten years the algie problem has been approached 
from two different standpoints: First, from that of preventing 
their growth, and, second, from that of getting rid of their effects. 
In small reservoirs it has been found possible, by the exclusion of 
light, to prevent the development of alge. In large reservoirs, 
where the exclusion of light is impracticable, the attempt has been 
made to cut off their food supply by removing the soil from the 
bottoms of reservoirs. This has been only partially successful and 
engineers are more and more coming to doubt the expediency « of 


* Of Hazen & Whipple, Consulting Engineers, New York, 
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this course, except, perhaps, in certain special cases. Mr. Tighe 
appears to have had his own troubles in attempting to apply this 
remedy. 

Better success has resulted from the attempts to kill the alge 
and get rid of them and their effects, the former by the use of 
copper sulphate, the later by the use of aération and filtration. 
So much has been said about the use of copper sulphate that this 
topic needs no further discussion at this time. That the method 
has been successful in many cases must be admitted, but that it 
has not proved a universal remedy is equally true, and the attempt 
to use it indiscriminately has sometimes resulted in making bad 
matters worse. Copper sulphate is like a powerful drug, only to 
be used on prescription by a competent physician. The attempt 
to use it as a patent medicine, as has been done in many cases, has 
had the usual effect of the use of patent medicines. An illustration 
of this may not be out of place. A water supply with which the 
writer is familiar suddenly acquired a bad taste and odor which 
was thought to be caused by algze growing in the reservoir. Copper 
sulphate was applied in small doses without benefit. A larger dose 
was then used, with the result that the odor was much intensified 
and the water was almost undrinkable. Investigation showed 
that the pipes and the pressure filter through which the water 
passed were very heavily loaded with “ pipe moss.” The use of 
copper sulphate in the reservoir killed the alge there and thus 
suddenly cut off the food supply of the pipe dwellers. Conse- 
quently they died and decayed; with the result that the water 
consumers speedily took to other beverages. This case also illus- 
trates the fact that not all bad tastes and odors in drinking waters 
are due to alge and protozoa. Some of the larger and more highly 
organized forms of life are at times involved. Mr. Tighe’s experi- 
ence with the growth of chara in his Holyoke reservoir is particu- 
larly interesting in this connection. 

But it is along the line of aération and filtration that the greatest 
promise lies. When a water like that of Ludlow Reservoir at 
Springfield can be made palatable by the simple devices there 
used, there ought to be hope for many water supplies in New 
England that now are in disrepute during the hot weather. The 
conditions are not always as favorable for the economical applica- 
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tion of aération and intermittent filtration as they were at the 
Ludlow Reservoir, but the principles hold good elsewhere and the 
future is destined to see the construction of many filters and 
aérators for improving the physical character of the water. Fil- 
tration has the additional merit of rendering the water not only 
clean, but safe from a sanitary standpoint. More and more, 
people are coming to demand water that is clear and sweet. The 
consumers of the future are not going to be content with water 
supplies that possess the negative virtue of being merely not 
dangerous,— they will demand the positive virtue of cleanliness. 
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CIVIL SERVICE IN ITS APPLICATION TO THE 
WATER DEPARTMENT. 


BY THE HON. JOSEPH C. PELLETIER, MASSACHUSETTS STATE CIVIL 
SERVICE COMMISSION. 


DISCUSSION. 


Mr. Joun F. Traurwine, Jr.* (by letter). Hon. Joseph C. 
Pelletier quotes the objection: 

“ The civil service is a farce. Do you suppose that I, in my 
private business, would be held down to appoint men that some- 


body else recommended, and be compelled to appoint those men? 
Can you point out any big business man, any man of affairs, who 
takes the judgment of some outsider as to the men whom he is to 
employ in his mill or in his office? ”’ 

To my very great surprise, Mr. Pelletier gives, as the answer 
which he makes to a question of that kind: 

“ We certainly would not apply such a system to a man’s private 
business; we would not dream of doing it, and it would probably 
not work well if it were done.” , 

I should have expected Mr. Pelletier to reply more nearly in this 
fashion: 

* What is the alternative? To permit a self-constituted organi- 
zation of employees and their outside confederates to control the 
admission to and the dismissals from my service. This is the 
alternative to which communities without civil service have to 
submit. Would any big business man, any man of affairs, sub- 
mit to such conditions? ’ 

Every big and little business man uses the equivalent of civil 
service examination in the selection of his emplovees. He does 
this when he asks his employee what his age, experience, and 
references are, instead of asking with which clique of the em- 
ployees he is in sympathy. 


*Civil Engineer, Philadelphia. 
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Even in our very small establishment we have sets of examina- 
tion questions prepared for candidates for employment, including 
even the messenger boy, who is asked, among other things, what 
street cars he would take in order to reach given locations. The 
results have been far more satisfactory than those where we have 
been guided by the recommendations of friends. 

If we were a concern of some size (even though not comparing 
in this respect with a municipality) we should have to intrust the 
conduct of these examinations to our assistants, and might even 
find it to our advantage to call in ‘‘ the judgment of some out- 
sider,’ as an expert to assist in the choice. 

Civil service is merely the common-sense method of all business 
men extended to meet the requirements of a public body. 

Having served upon both sides of the civil service fence (both 
as examiner and as candidate) I am profoundly impressed with its 
weaknesses, and I greatly deplore the necessity for its use; but, 
so long as we tolerate an ‘f economic ”’ system which leads every- 
one to look out for himself at the expense of the commonwealth, 
the civil service system will be indispensable. 

Hon. J. C. PELLETIER (by letter). 1 feel that Mr. Trautwine did 
not catch my idea exactly, or possibly I did not make myself clear. 
He urges that in private business many are following the civil 
service system. They are in-so-far as they are promoting and 
‘hiring on the merit system of ascertained fitness. The point I 
intended to make was that it was objectionable for appointing 
officers to be obliged to take persons whose fitness had been ascer- 
tained by some one else, but that while this was necessary in public 
affairs, owing to political conditions, in private business no man 
would submit to it. I judge from Mr. Trautwine’s letter that no 
one else ascertains the fitness of the people whom he employs, 
but that he reserves this right to himself. I think he would agree 
with me that if some one other than the person hiring were to 
choose his emplovees, and under these conditions he was obliged 
to hire them or be without help, the system would be most ob- 
noxious. In public life, however, this svstem becomes necessary, 
owing to prevailing conditions. 
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NAHANT, Mass., June 16, 1909. 


The June meeting of the New England Water Works Associa- 
tion was held at Nahant, Mass., on June 16, 1909. The following 
members and guests were present. 


MEMBERS. 


s. A. Agnew, J. M. Anderson, F. A. Barbour, G. W. Batchelder, J. F. Bigelaw, 
James Burnie, T. J. Carmody, J. H. Child, C. E. Childs, M. F. Collins, G. Kx. 
Crandall, J. W. Crawford, G. E. Crowell, E. R. Dyer, E. D. Eldredge, F. F 
Forbes, F. L. Fuller, F. J. Gifford, J. C. Gilbert, T. C. Gleason, A. 8. Glover, 
F. H. Gunther, R. K. Hale, F. E. Hall, J. O. Hall, D. A. Heffernan, M. F. 
Hicks, Willard Kent, F. C. Kimball, G. A. King, J. J. Kirkpatrick, A. R. 
McCallum, N. A. MeMillen, D. E. Makepeace, A. E. Martin, W. E. Maybury, 
John Mayo, F. E. Merrill, F. L. Northrop, H. E. Royee, A. L. Sawyer, FE. M. 
Shedd, J. E. Sheldon, C. W. Sherman, H. O. Smith, G. H. Snell, G. A. Stacy, 
G. T. Staples, J. T. Stevens, W. M. Stone, H. L. Thomas, R. J. Thomas, W. H. 
Thomas, L. D. Thorpe, J. A. Tilden, W. P. Whittemore, L. J. Wilber, F. B 
Wilkins, G. FE. Winslow, L. R. Woods. — 60. 


ASSOCIATES. 

Anderson Coupling Company, by Charles E. Pratt; Harold L. Bond Com- 
pany, by F. W. Mattheis; Chapman Valve Manufacturing Company, by E. F. 
Hughes; Kennedy Valve Manufacturing Company, by M. J. Brosnan; Ludlow 
Valve Manufacturing Company, by A. R. Taylor; Charles Millar & Son Com- 
pany, by Charles F. Glavin; H. Mueller Manufacturing Company, by George 
A. Caldwell; National Meter Company, by J. G. Lufkin and H. L. Weston; 
Pittsburg Meter Company, by F. L. Northrop; Rensselaer Manufacturing 
Company, by C. L. Brown; A. P. Smith Manufacturing Company, by F. N. 
Whiteomb; United States Cast Iron Pipe and Foundry Company, by Frank 
W. Nevins; Waldo Bros., by H. E. Browne; R. D. Wood & Co., by Wm. F. 
Woodburn. — 15. 


GUESTS. 
W. H. Greenleaf and W. M. Gates, Nashua, N. H.; Milton Thome, assistant 
superintendent, Portland Water District, Portland, Me.; Mr. and Mrs. E. L. 
Burnap, Norwich, Conn.; Mrs. L. J. Wilber, Brockton, Mass.; Edwin Leavitt, 
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Somerville, Mass.; Mrs. George A. Stacy, Mrs. J. F. Bigelow, and Mr. and Mrs. 
Thomas Burke, Marlboro, Mass.; Mrs. L. D. Thorpe, West Medford, Mass.; 
Miss Alice 8. Corner, Miss Catherine Sullivan, and Mrs. T. J. Carmody, Holyoke, 
Mass.; Mrs. John Mayo, Bridgewater, Mass.; Mrs. Wm. H. Thomas, Hingham, 
Mass.; Mrs. George KE. Winslow and Mr. C. H. Mann, Waltham, Mass.; Mrs. 
G. R. Payson and Master Payson, Belmont, Mass.; Master Eldredge, Onset, 
Mass.; E. 8S. Horton, M. F. Ashler, George M. Morrell, F. C. Waugh, and J. T. 
Inman, Attleboro, Mass.; Mrs. F. J. Gifford, and Mr. and Mrs. J. J. Kirby, 
Fall River, Mass.; Mrs. F. H. Gunther, Dracut, Mass.; Mrs. George T. Staples 
and Mrs. J. E. Smith, Dedham, Mass.; Mrs. R. Wetherbee, Marblehead, Mass.; 
Mrs.W. E. Maybury, Braintree, Mass.; Mrs. M. E. Phillips, Weymouth, Mass.; 
J. Burns, Everett, Mass.; David H. Sullivan, Lowell, Mass.; Mrs. F. C. Kim- 
ball, Miss Florence C. Kimball, Mrs. E. M. Shedd, Mrs. H. E. Browne, Mrs. 
F. L. Fuller, Mrs. J. G. Lufkin, Miss Joan M. Ham, and Mr. A. D. Stevens, of 
Municipal Journal and Engineer, Boston. — 46. 


A business meeting of the Association was held in the after- 
noon on the steamer King Philip en route from Nahant to Boston. 
President Thomas in the chair and Mr. C. W. Sherman elected 
Secretary pro tem. 

The following-named applications for membership were read by 
the Acting Secretary. 


Elliot S$. Tucker, water commissioner, Winchendon, Mass.; 
Charles R. Henderson, manager water works, Davenport, Ia.; 
Francis T. Kemble, superintendent New Rochelle Water Company, 
New Rochelle, N. Y.; W. P. Robinson, general manager Denver 
Union Water Company, Denver, Colo.; J. H. Ayres, superintend- 
ent of water supply and sewers, Manila, P. I. 

For associate membership, Frank E. Davis, Boston, Mass. 


On motion it was unanimously voted that the Acting Secretary 
cast the ballot of the Association for all the applicants. This 
having been done, they were declared elected. 

Adjourned. 

C. W. SHERMAN, Acting Secretary. 
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PROCEEDINGS. 
TWENtTy-EIGHTH ANNUAL CONVENTION. 


New York Crry, 
September 8, 9, and 10, 1909. 


The Twenty-Eighth Annual Convention of the New England 
Water Works Association was held in New York City on September 
8, 9, and 10, 1909. The headquarters of the Association were at 
the Park Avenue Hotel, and the meetings were held in the assembly 
hall of the hotel. 

The following members and guests were in attendance: 


Honorary MEMBERS. 


Rudolph Hering, F. W. Shepperd, and Frederic P. Stearns. — 3. 


MEMBERS. 


S. A. Agnew, Kenneth Allen, J. M. Anderson, M. N. Baker, C. H. Baldwin, 
A. F. Ballou, L. M. Baneroft, F. A. Barbour, Edward Bartow, G. B. Bassett, 
G. W. Batchelder, E. W. Bemis, F. D. Berry, C. R. Bettes, J. M. Betton, 
F. K. Betts, F. E. Bisbee, Albert Blauvelt, C. A. Bogardus, R. W. 
Bogart, Jr., C. L. Bowker, D. 8S. Brinsmade, W. W. Brush, James Burnie, E. 
W. Bush, T. J. Carmody, C. E. Chandler, G. L. Chapin, J. H. Child, C. E. 
Childs, 8. IX. Clapp, E. W. Clarke, R. C. P. Coggeshall, M. F. Collins, W. R. 
Conard, G. K. Crandall, C. E. Davis, J. M. Divin, John Doyle, M J. Doyle, 
W. G. Dryden, FE. R. Dyer, G. G. Goodell, E. D. Eldredge, R. N. Ellis, L. N. 
Farnum, E. A. Fisher, A. D. Flinn, Richard J. Flinn, John H. Flynn, A. P. 
Folwell, Halsey French, G. W. Fuller, William B. Fuller, 8. DeM. Gage. F. J. 
Gifford, D. H. Gilderson, A. 8. Glover, W. B. Goentner, J. W. Graham, Charles 
A. Hague, R. Kx. Hale, F. E. Hall, R. J. Harding, W. H. Hart, E. L. Hatch, W. 
C. Hawley, A. B. Hill, N.S. Hill, Jr., W. R. Hill, B. B. Hodgman, H. G. Holden, 
W. D. Hubbard, D. D. Jackson, G. A. Johnson, W. E. Johnson, J. W. Kay, G. 
G. Kennedy, E. W. Kent, Willard Kent, F. C. Kimball, A. C. King, G. A. 
King, F. T. Kemble. J. J. Kirkpatrick, Morris Knowles, B. C. Little, F. H. 
Luce, J. L. Ludlow, Daniel MacDonald, H. 8. R. MeCurdy, T. H. MeKenzie, 
Hugh McLean, J H. MeManus, H. B. Machen, H. V. Macksey, W. M. Marple, 
A. E. Martin, W. P. Mason, G. F. Merrill, Leonard Metealf, E. E. Minor, H. T. 
Murphy, A. 8. Negus, J. A. Newlands, F. L. Northrop, Alexander Orr, J. C. 
Otis, H. D. Pease, E. M. Peck, E. L. Peene, T. A. Peirce, E. B. Phelps, A. E. 
Pickup, W. D. Pollard, C. DuB. Pollock, Alexander Potter, Clyde Potts, R. W. 
Pratt, F. L. Rector, A. A. Reimer, G. 8. Rice, W. H. Richards, Robert Ridg- 
way, Henry Roberts, Jas. F. Sanborn, P. R. Sanders, W. J. Sando, A. L. 
Sawyer, W. Scranton, 8. P. Senior, E. M. Shedd, J. E. Sheldon, M. A. Sinclair, 
H. O. Smith, J. W. Smith, P. 8. Smith, G. H. Snell, H. T. Sparks. J. F. Spren- 
kel, G. T. Staples, G. A. Taber, H. L. Thomas, R. J. Thomas, W. H. Thomas, 
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J. L. Tighe, J. A. Tilden, D. N. Tower, L. L. Tribus, A. 8. Tuttle, E. 8. Tucker, 
E. L. Walker, J. H. Walsh, R. 8. Weston, G. C. Whipple, J. C. Whitney, F. I. 
Winslow, G. FE. Winslow, F. E. Winsor, I. 8. Wood, T. Woodruff, L. C. Wright, 
— 162. 

ASSOCIATES. 

Anderson Coupling Company, by C. E. Pratt; Harold L. Bond & Co., by 
George 8. Hedge; Builders Iron Foundry, by A. B. Coulters; Chapman Valve 
Manufacturing Company, by Edw. F. Hughes, T. P. Morrissey, and Frank 
Barry; Darling Pump and Manufacturing Company, by Hubert Thorp, J. L. 
Hough, and D. J. Slone; East Jersey Pipe Company, by E. E. Mentzer; The 
Fairbanks Company, by Charles H. White; Glauber Brass Manufacturing Com- 
pany, by A. C. Fisher and Samuel Davis; F. H. Hayes Machinery Company, 
by T. J. Nagle and Charles E. Mueller; Hersey Manufacturing Company, by 
William C. Sherwood, Weldon D. Griffin, Walter Hersey, J. A. Tilden, Albert 
S. Glover; International Steam Pump Company, by Samuel Harrison, J. 
Watson Sims, A. H. Braidwood, F. J. Swenson, and F. J. Smith; Jenkins 
Brothers, by W. G. L. Compte; Kennedy Valve Company, by William Martin, 
George H. Steiner, and Daniel Kennedy; Lead Lined Iron Pipe Company, by 
T. E. Dwyer and J. W. MeComack; Ludlow Valve Manufacturing Company, 
by H. F. Gould; Charles Millar & Son Company, by Charles F. Glavin; H. 
Mueller Manufacturing Company, by FB. Mueller and O. B. Mueller, Arthur 
C. Pileher, F. W. Cruikshank, G. A. Caldwell, and E. W. Aubueger: National 
Lead Company of Massachusetts, by Edward B. Hanson and G. D. Dorsey; 
National Meter Company, by W. P. Oliver, J. G. Lufkin, George D. MacVeagle, 
H. L. Weston, and C. H. Baldwin; National Water Main Cleaning Company, 
by D. H. Buel; Neptune Meter Company, by F. A. Smith, C. A. Vaughan, H. 
H. Iinsey, and T. D. Faulks; New York Continental Jewell Filtration Com- 
pany, by A. E. Milligan; New York Lead Wool Company, by H. M. Hein; 
Pittsburg Meter Company, by T. C. Clifford, V. E. Arnold, W. Loekwood, and 
F. L. Northrop; Rensselaer Manufacturing Company, by Charles L. Brown and 
J.S. Warde, Jr.; Ross Valve Manufacturing Company, by William Ross and 
Adam Ross, 2d; John Simmons Company, by Thomas V. Foster; Standard 
Water Meter Company, by J. V. Da Silia; A. P. Smith Manufacturing Com- 
pany, by F. N. Whitcomb and D. F. O’Brien; Thomson Meter Company, by 
J. L. Atwell, E. M. Shedd, W. 8. Cetti, Henry G. Folger; Union Water Meter 
Company, by C. L. Anderson, F. E. Hall, and Edw. P. King; United States 
Cast Iron Pipe and Foundry Company, by Frank W. Nevins; Water Works 
Equipment Company, by W. H. Van Winkle, Jr., and W. H. Van Winkle; 
R. D. Wood & Co., by William Woodburn and Charles R. Wood. — 77. 


GUESTS. 

Hermon L. Hover, Brunswick, Me.; Ek. B. Dyer, Portland, Me.; Mrs. E. 
L. Wallace, Miss Josie C. Hardy, Mr. and Mrs. W. H. Davenport, Mr. and Mrs. 
George A. Stewart, Franklin, N. H.; George Goodhue, Concord, N. H.; Mrs. 
P. 8S. Smith, Montpelier, Vt.; Thomas P. Taylor, Mrs. Frank C. Kimball, Miss 
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Florence E. Kimball, Mrs. Frederie I. Winslow, Mrs. R. J. Flinn, Mrs. Samuel 
Harrrison, Mrs, Fred P. Stearns, M. 8. Kaharl, Charles T. Merrill, E. A. Collins, 
Frederic H. Fay, Boston, Mass.; Mrs. E. D. Eldredge, Master Neddie Eldredge, 
Onset, Mass.; Mrs. Edw. M. Shedd, Somerville, Mass.; Miss J. A. Osgood, 
Mrs. F. H. Hall, Mrs. D. H. Gilderson, Haverhill, Mass.; Mrs. DeM. Gage, Mr. 
and Mrs. G. G. Desmond, A. H. Marsden, Lawrence, Mass.; John F. Monahan, 
Revere, Mass.; Mrs. G. T. Staples, Dedham, Mass.; Mrs. A. E. Martin, Spring- 
field, Mass.; Mrs. D. N. Tower, Cohasset, Mass.; Mrs. W. H. Thomas, Hing- 
ham, Mass.; Joseph F. Biladeau, Pittsfield, Mass.; Dr. and Mrs. John T. 
Collins, Whitman, Mass.; Joseph Alger, Brockton, Mass.; Mrs. T. J. Carmody, 
Mrs. M. J. Doyle, Holyoke, Mass.; Mrs. George E. Winslow, Waltham, Mass.; 
Mr. and Mrs. J. P. Bacon, Cambridge, Mass.; Mrs. Willard Kent, Narragan- 
sett Pier, R. I.; Mrs. I. 8S. Wood, Providence, R. I.; Mrs. Thomas A. Peirce, 
Mrs. Emma T. Vaughan, East Greenwich, R. I.; Mr. and Mrs. H. R. Cooper, 
Mr. and Mrs. C. A. Goodhue, Thompsonville, Conn.; Mrs. Elliot 8. Tucker, 
Winchendon, Mass.; Mr. and Mrs. J. B. Longley, Lewiston, Me.; E. J. Mehren, 
Robert K. Tomlin, I. 8. Holbrook, Engineering Record; Thaddeus Merriman, 
Mrs. H. B. Machen, Edward Kloberg, M. Blatt, I. M. de Varona, Mrs. Kenneth 
Allen, Mrs. F. W. Shepperd, F. M. Griswold, J. T. Morris, F. S. Buckley, Mrs. 
C. D. Pollock, Charles Warren Hunt, Mrs. Edward B. Hanson, New York 
City; G. N. Durland, Mrs. Charles R. Bettes, Far Rockaway, N. Y.; Thomas 
C. Atwood, Mrs. Edward L. Peene, Yonkers, N. Y.; Mrs. J. H. Rapp, Mr. and 
Mrs. C. H. Chambers, 8. E. Cole, White Plans, N. Y.; Mrs. O. B. Mueller, New 
Rochelle, N. Y.; Mrs. W. P. Oliver, Miss M. G. Oliver, William H. Garrison, 
H. J. MeMahon, Master William Cetti, Frank E. Hale, T. Wilbur Melia, Brook- 
lyn, N. Y.; Charles KX. Bassett, Buffalo, N. Y.; Mrs. F. H. Luce, Woodhaven, 
N. Y.; H. A. Holmes, Waterford, N. Y.; Mrs. Charles H. White, Jamaica, 
L. I.; William Dunean, Middletown, Conn.; Miss Theta Helen Baker, Mont- 
clair, N. J.; E. Christophersen, W. D. Agnew, Roswell M. Roper, East Orange, 
N. J.; William H. Blair, West Orange, N. J.; Mr. and Mrs. W. Paulison, 
Passaic, N. J.; Miss May I. Agnew, J. W. Griffin, Mrs. R. A. Nemmo, Edw. 
W. Henry, Jersey City, N. J.; H. L. Boyer, Trenton, N. J.; Mrs. H. Mueller, 
Mrs. F. W. Cruickshank, Decatur, Ill.; George R. Taylor, Scranton, Penn.; 
Dr. and Mrs. W. S. Rankin, Raleigh, N. C.; M. H. Urban, Birmingham, Ala.; 
W. Dart, Montreal, Que. — 112. 


On Tuesday evening there was a reception in the parlors of the 
Park Avenue Hotel, given by the resident members to the mem- 
bers and guests attending the convention. 


MORNING SESSION, WEDNESDAY, SEPTEMBER 8. 


President Robert J. Thomas called the convention to order and 
spoke as follows: 
“ We have with us to-day, to welcome the members of the New 
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England Water Works Association to New York, a gentleman who 
in the past has been identified very closely with the water works 
systems of New England, acting in an engineering capacity on 
several of our most important works, including those at New 
Bedford, Lowell, and Boston, and who for many years has been 
connected with the great Croton water-works system of New York 
City. He is now engineer of subway construction in New York, 
and is the chairman of the Committee of Arrangements for this 
convention. It gives me great pleasure to present to you Mr. 
George 8. Rice, of New York City.” 

Mr. GEorGE 8. Rice. Ladies and Gentlemen: It is with pleas- 
ure that I greet vou at the twenty-eighth convention of the New 
England Water Works Association. I recollect distinctly your 
last convention here in New York, how we took vou around and 
tried to make it pleasant for you, and it has been the endeavor 
of the committee at this time to arrange such a program that the 
members will not only find plenty of mental stimulus, but will also 
have abundant opportunity to look around New York, where 
there is so much to see. 

Mr. Rice then made the announcements for an excursion to 
Coney Island, a visit to the Pennsylvania Railroad terminal, a 
trip through the tunnels of the Manhattan & Hudson Railway 
Company from Twenty-eighth Street to Hoboken, Jersey City, 
Cortlandt Street, New York, and return, and a trip to the Ashokan 
reservoir of the Catskill water supply system under construction 
by the city of New York. In closing, on behalf of the committee, 
he bade the members of the Association a hearty welcome to the 
city, and repeated his assurances that the committee would be 
glad to do all in their power to make the convention pleasant and 
profitable. 

THE PresipENT. The committee certainly gave us a demon- 
stration last night, at the reception, of what we may expect, and 
in behalf of the Association I wish to express our appreciation 
of the committee’s work. We are fortunate in having on the 
committee men of such prominence and large experience and 
ability, and especially fortunate in having Mr. Rice as chair- 
man of the committee. I wish to thank him personally and on 
behalf of the Association for the interest he has taken in the 
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arrangements. We will now proceed with the business of the 
convention. 

The Secretary read the following list of applications for mem- 
bership: 

Active: John J. Philbin, superintendent Clinton Water Depart- 
ment, Clinton, Mass.; I. M. de Verona, chief engineer Water 
Supply, Gas, and Electricity, New York; Grandville R. Jouet, 
Washington, D. C., chief chemical and assistant superintendent of 
the Washington Aqueduct Filtration Plant; Edward E. Minor, 
New Haven, Conn., engaged in water supply engineering and 
construction work; Edward Kloberg, New York City, assistant 
engineer Catskill Aqueduct Project, High Pressure Fire Service, 
Bureau of Manhattan; Max Blatt, New York City, assistant engi- 
neer High Pressure Fire System, Department of Water Supply, 
New York; M. R. Cooper, Thompsonville, Conn., superintendent 
Water Company. 

Associate: New York Lead Wool Company; Gamon Meter 
Company, Newark, N. J.; Standard Water Meter Company, 
Brooklyn, N. Y.; Glauber Brass Manufacturing Company, Cleve- 
land, Ohio; Frank E. Davis, Worcester, Mass., New England agent 
for Mietz & Weiss oil engines. 

On motion of Mr. Bancroft, the Secretary was authorized to cast 
the ballot of the Association in favor of the applicants whose 
names had been read, and he having done so, they were declared 
duly elected members of the Association. 

On motion of Secretary Kent, the President was authorized to 
appoint a committee of five to nominate officers for the ensuing 
vear. The following-named gentlemen were appointed as the 
committee: Frederic P. Stearns, Boston; J. Waldo Smith, New 
York; William F. Sullivan, Nashua, N. H.; Charles W. Sherman, 
Boston; Alfred E. Martin, Springfield. 

Mr. William W. Brush, engineer of distribution, New York City, 
then read a paper on ‘‘ The New York Water Supply.””. Remarks 
were made by Mr. William Dart, Mr. Alfred D. Flinn, Prof. Ed- 
ward W. Bemis, Dr. John C. Otis, and Michael F. Collins. 

Mr. James L. Tighe, city engineer, Holyoke, Mass., read a paper 
entitled “‘ Odors and Tastes in the Water Supply of Holyoke,” 
which was discussed by Prof. William E. Mason, Edward Bartow, 
W. C. Hawley, and Leonard Metealf. 

Adjourned. 


3 
Fy 


364 PROCEEDINGS. 


MORNING SESS N, SD: E 
MORNING SESSION, THURSDAY, SEPTEMBER 9 


President Thomas in the chair. 

Charles E. North, Montelair, N. J., consulting sanitary expert 
in water and milk work, was elected an active member, and John 
Simmons Company, water works supplies, New York City, an 
associate member. 

Mr. H. O. Lacount, for the Committee to Prepare a Standard 
Specification for Fire Hydrants, sent the following letter, which 
was read by the Secretary. 

Boston, Mass., September 7, 1909. 
Mr. Wittarp Kent, Secretary New England Water Works Association, 
Park AVENUE Hore, New York, N.Y. 

Dear Sir, —I find that, due to a previous important engagement, I shall 
not be able to attend the convention in New York this week, and, therefore, 
cannot present the report of the Hydrant Committee in person. I have been 
in communication with the other members of the committee, with the excep- 
tion of Mr. Gow, and find that neither Mr. Sullivan, Mr. Stacey, nor Mr. McInnes 
will probably be at the convention. 

As the report is not considered by the committee to be in shape for final 
action, and would be presented merely for discussion, we believe it is very 
desirable that at least two or three of the committee be present in order to get 
directly the ideas of the members of the Association on whatever points may 
be discussed, and also to be able to ask questions of the members with the 
view of obtaining further data for the guidance of the committee. Moreover, 
the committee are of the opinion that better results would be obtained from 
such a discussion if held at one of the regular meetings in Boston, where there 
would probably be more time for the full consideration of the report than at 
the New York convention, when other matters of more immediate interest are 
taking attention. The committee would, therefore, ask that you report for 
them progress, leaving the presenting of the specifications in detail to a later 
meeting. 

However, I enclose herewith for the committee the proposed specifications, 
which you are at liberty to present if you still consider this advisable. We 
trust, however, that you will find it feasible to hold the report until a later 
date. 

Yours truly, 
(Signed) H. O. .Lacount, Chairman. 


Mr. GriswoLtp. I was quite interested, Mr. President, in the 
proposition that there was to be brought up here the question of 
standardizing hydrants for fire service. The National Fire Pro- 
tection Association has a committee having that matter in charge, 
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and it is a very important matter. I am not chairman of that 
committee. but I am a member of it, and it is my idea that co- 
operation in relation to the establishment of a standard will be 
very wise, rather than that either organization alone should take 
up the subject and reach a conclusion by itself. My purpose in 
coming here was to suggest that our committee will be very glad 
indeed to codperate with the committee of the New England 
Water Works Association, not in the way of a coalition of the 
committees, because they are from two different organizations, 
but to give all the information we can and to absorb all the infor- 
mation we can, and between the two of us reach a conclusion 
which will have wider influence than the action of either organiza- 
tion alone. What I have said may be taken as representing the 


views of our committee. . 

Dr. John C. Otis, of Poughkeepsie, N. Y., read a paper on ‘‘ The 
Poughkeepsie Water Works.’ Messrs. Alexander Potter, Earle 
B. Phelps, and Edward Bartow participated in the discussion. 

The President called for the report of the Committee to look after 
and keep track of legislation and other matters pertaining to the 
conservation, development, and utilization of the natural resources 
of the country. Mr. M. N. Baker, chairman of the committee, re- 
sponded as follows: 

“Mr. President, the report of this committee will not be much 
longer than its name. It has practically nothing to report which 
has not already been made public throughout the length and 
breadth of the country, not only through official papers, but 
through the daily press. Conservation is ‘in the air’; it is not 
only being discussed, but some little achievement is being made 
in the way of attempts toward the conservation of our national 
resources; a large number of state conservation agents have been 
appointed, and much general attention is being given to this 
important subject. That is all that the committee has to report 


at present.”’ 


EVENING Session, THURSDAY, SEPTEMBER 9. 


President Thomas presiding. 
William Dart, of Montreal, formerly engaged in laying water 
supplies in various places in England; Frank W. Green, of Little 


. 


366 PROCEEDINGS. 


Falls, N. J., superintendent of the Little Falls Works, East Jersey 
Water Company, and Lucian Buck, chief engineer Champion Fiber 
Company, with practice as designing and consulting engineer of 
water and sewer systems, were elected to membership. 

The first business on the program for the evening was the report 
of the Committee to collect data relating to awards that have 
been made for damages resulting from the diversion of water; 
also to consider the practicability of joint action with the National 
Cotton Manufacturers’ Association or other organization of mill 
owners, leading to the formulation of standard rules and 
methods of computing for assessing damages for the diversion of 
water. In the absence of the chairman of the committee, a 
report was made by Mr. Leonard Metcalf, as follows: 

‘“T am sorry to say, Mr. President, that Mr. Main, the chairman 
of the committee, is not able to be present to-night, and he has 
asked me to make a report for the committee. Our report at this 
time will be very short, but as the committee is anxious to be 
continued in order to complete its work, and finds itself unable to 
make a final report at this time, it seems fitting that we should 
make at least a verbal statement of progress to date, for the com- 
mittee hopes that you will not assume that it has allowed the 
matter to lapse. 

‘“* As you all know, we sent out a preliminary circular asking for 
information as to any settlements which have been made, and we 
followed that by a second one, and subsequently personal letters 
were sent out to water-works superintendents and engineers from 
the Atlantic to the Pacific slope, asking them kindly to contribute 
any data they might have along these lines. I am glad to be able 
to report that we have had a reasonably hearty response to those 
letters, and at the present time we have a little over one hundred 
reports in considerable detail as to awards for settlement in water 
eases. Those we have abstracted and tabulated and the data 
will be presented to you in detail and in summarized form, 
we hope at one of the winter meetings. We are still hoping, 
however, to get additional material from some twelve or fifteen 
men of large experience in these matters, who have volunteered to 
give us their material, or such of it as they could conveniently 
arrange, if we could give them more time. We shall be glad, of 
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course, to get as much of that material as possible before the report 
as a whole is presented. 

“Tt has also been suggested that it might round out the subject 
and be of interest to the members if we could get some competent 
lawyer to present a paper or write an introduction for the report 
bearing upon the legal phases of the matter; and the committee 
still hopes that it may be able to arrange for this, although we 
cannot assure you at this time that we shall have such a paper. 
When the material is finally in shape, the report will be rather 
voluminous, and we shall ask the Secretary if it may not be pub- 
lished in advance of the meeting, and then presented to you at the 
meeting merely in outline, so that you may discuss the contents 
of the report without being bored by any attempt on our part to 
read it in detail at the meeting. 

“ For these reasons your committee would be glad to be con- 
tinued until it can present its report to vou in proper form.” 

On motion of Mr. Frank C. Kimball, the committee’s report was 
accepted as a report of progress and the committee continued. 

A paper on “ Disinfection as an Adjunct to Water Purification,” 
by H. W. Clark, chemist Massachusetts State Board of Health 
and Stephen de M. Gage, biologist Massachusetts State Board of 
Health, was read by Mr. Gage and discussed by Mr. Robert J. 
Harding, Mr. Leonard Metcalf, Mr. Alexander Potter, Mr. Morris 
Knowles, Mr. M. N. Baker, and Dr. John C. Otis. 

A paper by Henry A. Young, C. E., Yonkers, N. Y., on “ Ca- 
maguey (Cuba) Water Works,” was presented by its title. 

On motion of Professor Bemis, the convention was adjourned. 
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EXECUTIVE COMMITTEE. 


JUNE 18, 1909, 

A meeting of the Executive Committee was held on the Aing 
Philip, en route from Nahant to Boston at 3.30 o’clock P.M. 
to-day. There were present President R. J. Thomas and members 
George W. Batchelder, Richard IK. Hale, George A. King, Charles 
W. Sherman, and George A. Stacy. President Thomas in the chair. 
Mr. C. W. Sherman was elected Secretary pro tem. 

Applications for membership were considered as follows: Elliot 
S. Tucker, water commissioner, Winchendon, Mass.; Charles R. 
Henderson, manager water works, Davenport, la.; Francis T. 
Kemble, superintendent New Rochelle Water Company, New 
Rochelle, N. Y.; W. P. Robinson, general manager Denver 
Union Water Company, Denver, Colo.; J. H. Ayres, superin- 
tendent water supply and sewers, Manila, P. I. 

For associate membership, Frank E. Davis, Boston, Mass. 

Voted unanimously to recommend to the Association the 
election of the above-named applicants to the classes for which 
they have applied. 

The committee then took into consideration the proposal of the 
Water Works Manufacturers Association, tendered by Mr. James 
A. Tilden, chairman, manager of the Hersey Manufacturing Com- 
pany of Boston, which proposal had been made to the committee 
by Mr. Tilden at an informal meeting of the committee on the 
trip to Nahant. Said proposal of the Water Works Manufacturers 
Association was to furnish entertainment at our annual conven- 
tion with the understanding that the Manufacturers Association 
should have the privilege of furnishing and controlling the dis- 
tribution of the badges at our annual convention and should also 
have the privilege of controlling and managing the exhibits made 
at the convention. After due consideration it was unanimously 
voted that the Association prefers not to ask for or receive any 
courtesy of the kind or magnitude contemplated by the Water 
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Works Manufacturers Association, and that Mr. Kent and Mr. 
Sherman be a committee to convey to the representative of the 
Manufacturers Association this decision. 
Adjourned. 
C. W. SHERMAN, Acting Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association held at the Park Avenue Hotel, New 
York City, September 8, 1909. 

Present: President Robert J. Thomas and members George A. 
Batchelder, George A. King, E. W. Kent, William C. Hawley, 
Ermon M. Peck, Lewis M. Bancroft, and Willard Kent. 

The following applications were received and recommended 
for membership, viz.: 


John J. Philbin, superintendent water department, Clinton, 
Mass.; Edward E. Minor, New Haven, Conn.; H. R. Cooper, super- 
intendent Water Company, Thompsonville, Conn.; I. M. deVerona, 
chief engineer Department Water Supply, Gas and Electricity, New 
York City; Grandville R. Jones, chief chemist and assistant superin- 
tendent Filtration Plant, Washington, D. C.; Edward WNloberg, as- 
sistant engineer High Pressure Fire Service, Borough of Manhattan, 
New York City; Max Blatt, Department Water Supply, City of New 
York, N. Y.; Lucien Buck, consulting engineer, Canton, N. C.; 
Charles E. North, consulting sanitary expert, New York City; 
Frank W. Green, superintendent Little Falls Works, Little Falls, 
N. J.; William Dart, Montreal, Canada, and from Gamon Meter 
Company, Newark, N. J.; Glauber Brass Manufacturing Company, 
Cleveland, Ohio; New York Lead Wool Company, New York City; 
John Simmons Company, New York City; and Standard Water 
Meter Company, of Brooklyn, N. Y. 


Adjourned. 
Kent, Secretary. 
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OBITUARY. 


Fircu Srory, resident engineer of the Connecticut 
River pipe crossing of the new Little River Water Supply for 
Springfield, Mass., died at the Springfield Hospital, October 19, 
1909. 

Mr. Story was born at Milwaukee, Wis., in 1884. He graduated 
in 1905 from Beloit College, the same fall entering the Massachu- 
setts Institute of Technology, from which he graduated in 1907 
from the Sanitary Engineering course. Immediately following 
his graduation he accepted a position with the Springfield Water 
Department in charge of the operation of the Ludlow Intermittent 
Filters. 

Many of the members of this Association will remember him at 
the time of their visit to this filter plant at the time of the annual 
convention, and again at a later date, when he spoke to the Asso- 
ciation on the operation of these filters. 

Since this time he has occupied other responsible positions in 
connection with the construction of the new water supply for 
Springfield, and was at the time of his death resident engineer on 
the construction of the two submerged 30-inch pipes which are 
being laid under the Connecticut River. 

Mr. Story was elected a member of the New England Water 
Works Association September 11, 1907. 
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B. F. Smith & Co. 


BRASS GOODs. 


ENGINEERS. 


Henry D. Jackson. . 


FILTERS AND WA 


FURNACES, ETC. 
H. Mueller Mfg. Co... 
Harold L. Bond & Co. 


GAS ENGIN Es. 
National Meter Co... . 


GATES, 
Ashton Valve Co... 


VALVES, 


INSPECTION OF 


LEAD AND PIPE. 


METERS. 


Builders Iron Foundry 
Hersey M’f’gCo..... 
National Meter Co... . 


Pittsburg Meter Co... 


Henry R. Worthington 


METER 


ARTESIAN AND DRIVEN 


CLEANING WATER MALNS. 
National Water Main Cleaning Co... .. 


TER SOFTENING PLANTS. 
New York Continental Jewell Filtration 
Norwood Engineering Co... 
Ross Valve M’f’g Co... . 


R. D. Wood &Co..... 


MATERIALS. 


Buffalo MeterCo. .... 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 
159 Franklin St. 318 Dearborn St. 4 Smithfield St. 411So0. Main St. 
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GAS ENGINE and 
TRIPLEX PUMP 


FOR 
Town and Village Water 
Works ¥ ¥ ¥ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


CHICAGO: 318 Dearborn Street PITTSBURG: 4 Smithfield Street 
BOSTON: 159 Franklin Street LONDON: Saracen Chambers 
LOS ANGELES: 411 South Main Street 


aes 

lll 

: 

; 


They are endorse 


HERSEY 


ADVERTISEMENTS. 


hey measure al leaks & small drafts 
They detectalllarge flows 
_ They give unrestricted fire service 


d by Water Depts.& Underwriters 


G CO BOSTON, NEW York, 
UU. COLUMBUS, BUFFALO, ATLANTA 
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ACCURACY, LONG LIFE, 


Avoidanee of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


* LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT ” meter. 
Where ** LAMBERT ” meters are selected, success is assured. 


THOMSON METER CO. 
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Trident 
Water Meter 


Style 


The Meter with a thrust roller, to prevent broken disks. All bronze meter, 
with removable bearings. The only meter that can be adjusted for differ- 
ent pressures. Brass bolts. Brass nut ring. Simple design. Our claim : 
The meters that earn the most revenue with the least cost for upkeep. 


Neptune Meter Company 
Main Office, 90 West Street, New York 


Branch { Nene, Ill. Atlanta, Ga. Los Angeles, Cal. Factory: 
Offices | Boston, Mass. San Francisco, Cal. Portland, Ore. Long Island City, L. I. 


4 
~ 


ADVERTISEMENTS. 


Eureka Meter for Large, Rapidly Flowing Volumes of Water 


We are going to be and 
are rapidly becoming 


The Largest Water 
Meter Manufacturers 
in the World 


Watch us grow and lend 
your assistance by buying 


Keystone and Eureka 
Water [leters 


Ask for Water Meter Catalogue B-1 


Keystone Meter for Industrial and Domestic Use 


Pittsburg Meter Company 


General Office and Works: East Pittsburg, Pa. 
New York Office, 149 Broadway 


Manufacturers of Water Meters and Gas Meters 
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We Send Trial Meters Free 


To Cities and Water Companies desiring 
to Improve their Meter Service 


The Worthington 
Disc Meter 


Is not only accurate and well constructed, but it is made in 
the largest meter factory in the world and by the most 
modern machinery, and embodies twenty years of experi- 
ence. The disc is water balanced, reducing wear to a 
minimum. Sand cannot collect under its bearing and grind 
it out. Friction is further minimized by the greater dis- 
placement per rotation of the disc, which also reduces the 
speed and wear of the gear train. Drop us a letter giving 
the conditions of your service and the number of con- 
sumers connected, and we will be pleased to send our 
Bulletin W112 NE and carry out the conditions of the 
above offer of a trial meter. 


HENRY R. WORTHINGTON 
115 Broadway New York 
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UNION ROTARY, COLUMBIA, DISC 
and NILO (velocity) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 


WORCESTER, MASSACHUSETTS 


Constructed under the: Jewell, Warren, Hyatt, B 
Continental, and other 


ADOPT ED BY 263 CITIES. TOTAL DAILY 
000,000 GALLONS. 


Write for 1909- 10 Cata 


YORK CONTINENTAL JEWEL C0, 


GENERAL CONTRACTORS 
“NEW YORK, 15 Broad St. CHICAGO, 167 
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Corporation 


No. 6 MUELLER an nd 


CurbCocks 


Mueller Corporation Cocks are 
made of red brass, carefully 
cored for evenly balanced walls, , 
keys smoothly ground and pol- 1 
ished into the body. Vs 


Mueller Patent Cap Inverted 
Key curb cocks have the strong- 
est check ever devised. Two 
lugs in the cap operate against 
two lugs on the rim of the cock. —_No. 84 Curb Cock 
When brought together the cock Min. Top Patent Cap 
is certain to be full open or full eee 

closed. 


Corporation and curb cocks in 
all patterns tested 200 pounds 
hydraulic pressure. 


Unconditionally guaranteed. 


TRADE MARK 


MUELLER 
REGISTERED 
H. MUELLER MFC. CO. 
Works and General Offices Eastern Division 
DECATUR, ILL., U.S.A. NEW YORK, N. Y., U.S.A. 
West Cerro Gordo Street; 254 Canal Street (Cor, Elm) 


CHICACO BRANCH, 37 DEARBORN STREET 
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The Members’ Button, in Blue Enamel 


Can be obtained from the Secretary for 


50 cents, postpaid 
Address, Secretary New England Water Works Association 


Tremont Temple, Boston 


Harold L. Bond & Co. 


N. E. Agents for 


Jainter 


ipe 


Lead Furnaces, Jute Packing, Calk= 
ing Tools, and all supplies for 


WATER WORKS CONSTRUCTION 


Send for Price-list 


140 Pearl Street . BOSTUN 


Henry M. CLARK. 
Boston Engineers’ Supply Co., 
RUBBER HOSE, BELTING and PACKING, 


OILS and MILL 
SUPPLIES, 


Engine Packings, Grease and Specialties, 
No. 56 PURCHASE STREET, 


BOSTON. 


TELEPHONE, MAIN 4455-2. 


PARAMOUNT CYLINDER OILS, 


Simplex Valve and Meter Company 


MANUFACTURERS OF 


Air Valves — Automatic for water mains. 

Altitude Valves — for controlling the level of water 

\_ in reservoirs, standpipes and railroad tanks. 

—_ Uniform Rate Dissolving Apparatus — for 

ters. 

Uniform Rate Dissolving Apparatus 
— for filters, 

Controlling Valves — for controlling level of water 
in reservoirs, standpipes and railroad tanks. 

Controllers — Rate Controllers for filters, etc. 

Gages — Loss of Head and Rate of Flow for filters. 

Loss of Head and Rate of Flow Gages. 


112 North Broad Street 


Manometers. 

Meters — for large pipes, with recording attachment, 
rate of flow dial and total flow register. 

Piezometers. 

Recording Meters. 

Regulating Valves — for controlling level of waterin 
reservoirs, standpipes and railroad tanks. 

Valves — Automatic Air V alves, Altitude Valves, Rate 
of Flow Controlling Valves. 

Venturi Tubes — with manometers, meter registers, 
recording attachments and rate of flow dials. 


Philadelphia, Pa. 
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HENRY DOCKER JACKSON 


Consulting Electrical Engineer 


Associate Member American Institute of Elec- 
trical Engineers. Investigation of electrolytic 
troubles and plant economy a specialty. 


88 BROAD STREET, Room No. 626 
BOSTON, MASS, Tel. Fort Hill 977 & 978 


C.D. Kirkpatrick, Mgr. 8S. Gates, Asst. Mgr. 


Established 1878 
B. F. SMITH & CO. 
Incorporated 


Artesian and Driven Wells, Foundation Borings 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


Office 38 Oliver Street Boston, Mass. 


CHARLES A. HAGUE 


Consulting Engineer 
52 BROADWAY, NEW YORK CITY 
Designs Direct-Driven, Gas-Power 
Pumping Engines for Water-Works 
and other purposes. 


Highest possible economy of 


Any capacity. 
operation. 


WILLIAM R. CONARD 


Assoc. Amer. Soc. C. E. Assoc. Mem. Amer. Soc. M. E. 


322 High St., Burlington, N. J. 
Inspections and Tests of Materials 


SOUTHERN OFFICE 


Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


INFRINCEMENT NOTICE 

: Weare obliged to prosecute 
infringing MANU FACTUR- 
ERS and USERS. 

THE CLARK METER 
BUX has made good. Thou- 
sands inuse. THE UNITED 
STATES GOVERNMENT 
uses them. 

METER 
BOX Bodies are made with 
our Iron Collapsible Form. 

Our TEKSAGON (no gas- 
ket) Meter Coupling is a 
wonder. 

Write for catalogue. 


115 So, 17th St. H. W. CLARK CO. Mattoon, III, 


Dixon’s Waterproof 


GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 
Send for free sample 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 


New England Water Works Association 
STANDARD SPECIFICATIONS 


FOR 


Cast Iron Pipe 


AND 


Special Castings 


Price 10 Cents 


Address, WILLARD HENT, Secretary 
715 Tremont Temple 


BOSTON, MASS. 
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THE A. SMITH MANUFACTURING C0. 


NEWARK, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces. 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS | ENGEL 
JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY NEW YORK CITY 
Pastel Telegraph Baltding 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 
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AMERICAN NIAGARA 
WATER METERS 


JEWEL BEARING 
INTERMEDIATE GEARS 


have one model of 
\ parts furnished in dif- / cusic FEET 


CuBIC ferently constructed ‘BUFFALO METER 


7 / fitted with either style 
45 | 
/ ofdial. Each meter is BUFFALO’ 
with unusual care and 
STANDARD DIAL precision. Their de- STRAIGHT READING DIAL 


sign, materials and workmanship insure accuracy, durability and 
satisfaction. 


BUFFALO METER CO. 


290-296 TERRACE, BUFFALO, N. Y. 
ESTABLISHED 1892 


DisTRIBUTERS FOR NEw ENGLAND 


GEO. E. GILCHRIST CO., 106 HIGH STREET, BOSTON, MASS. 
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We make Pressure Regulating Valves 
WATER for all purposes, steam or water. 


FILTERS Our Feed-Water Filter will keep oil 


We can interest you if you use a condenser, 
& ENGINES _ Water Engines for Pumping Organs 
Standard for pumping church 


THE Ross VALVE MEG. Co. ro 


TROY, N. » - Ask your organ builder for 


it or write us, 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 
NOTICE—WE HAVE ARRANGED TO MANUFACTURE THE CELEBRATED 


WALKER FIRE HYDRANT 
ONE OF THE BEST HYDRANTS MADE 


MECHANICAL FILTRATION 
PLANS AND ESTIMATES CHEERFULLY SUBMITTED 


CAST IRON PIPE 
‘FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office - = - 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP YALYES 
and... STEAM GAGES | 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
@ the market. Send atrial order subject to ap- 
wea) proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
“poston them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


ae The ASHTON VALYE CO., 271 Franklin Street, BOSTON, MASS. 


M. J. 
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R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS 
PUMPING ENGINES Cast lron r 1pe | 


CUTTING-IN TEES 


Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


“Reduced Specials” 


Cost of fittings reduced from 25%, 
to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 
the piece. 


Mathews 
Fire Hydrants 


A half century of use has established their reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 
DOUBLE DISK 
ANTI-FRICTION 
EXTRA WEIGHT, FINISH 
AND MATERIAL | 
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THE LUDLOW VALVE MEG. CO. 


MANUFACTURERS OF... 


VALVES #N0 FIRE HYDRANTS 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 
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DOUBLE AND 
SINGLE GATE fr 
VALVES, 

ALSO CHECK 
VALVES, 4 YARD, WASH, 

FOOT | 


valves, 


SEND FOR CIRCULARS. 


OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


S. D. M. Je 


FIRE 
HYDRANTS. 


Coffin Company, 
Boston. Wags. 


Makers of the largest Sluice and Gate Valves in America 


SLUICE VALVES 


of every size and for every condition 
FIRE HYDRANTS 


GATE VALVES CHECK VALVES 
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CHAPMAN 
Valve Manufacturing Co. 


General Office and AGENCIES 
Works ¥ ¥ ¥ ¥ ¥ 
BOSTON 
94 Pearl St. 


Indian Orchard 
NEW YORK 
Massachusetts 49 John St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
120 Franklin St. 


ST. LOUIS 
16 S. Twelfth St. 


CHARLOTTE, N.C. 
Thos. B. Whitted & Co. 


PITTSBURGH 
47 Terminal Way 


LONDON 
147 Queen Victoria St. 


PARIS 
54 Boulevard du Temple 


Manufacturers of JOHANNESBURG 
South Africa 


Valves and Gates | can. 


for all purposes ¥ ¥ Also TURIN, ITALY 


Gate Sire Hy dt an { $ q Pietro Ferrero & C. 
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The “COREY” 
FIRE HYDRANT 


MODERN 
successruL SUPERIOR 


DURABLE 


~~ RENSSELAER VALVES 


ALL SIZES ALL_ PRESSURES 
WATER, STEAM, GAS, OIL, ETC. 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves 
Indicator Posts Valve Boxes 


CATALOGUE UPON APPLICATION 


(RENSSELAER MFG. CO., Troy, N.Y. 


BRANCHES 


NEW YORK, 180 Broadway PITTSBURG, 1102 House Bldg. 
CHICAGO ST. LOUIS, MO 
1108-9 Monadnock Block ‘401 Security Bldg. 


Warren Foundry »° Machine (0. Established 1856 


Works at Phillipsburg, New Jersey. ..... 
Sales Office, 111 “Broadway, New York. 


Cast Iron Water From 3 to 60 inches 
and Gas PI r E in diameter. 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 
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FOR 


IRON AND STEEL 
CRYSOLITE 


HYDRAULIC PAINT 
ACID RESISTINC PAINT 


FROM CORROSION 


Write for Booklet W-44 


SEMET-SOLVAY CO. 


Solvay Protective Paints 


PROTECTS CORRUCATED IRON and STRUCTURAL STEEL 
PROTECTS STEEL WATER PIPE and SUBMERCED STEEL 


PROTECTS BLAST FURNACES, SUCAR and PAPER MILLS, &c. 


Syracuse, N. Y. Ensley, Ala. New York Chicago 


Are You Getting Full Efficiency 
of Your Water Mains? 


After 


Before 
Cleaning Cleaning 
July 13, 1907 
Fire plug showing increased flow under same pressure 
at Wheeling, W. Va. :: For further particulars address 


National Water Main Cleaning Co., NEW YORK 


27 WILLIAM STREET 
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LYNCHBURG FOUNDRY COMPANY 


MANUFACTURERS OF 


FOR WATER AND GAS WORKS 


(NEW ENGLAND W. W. ASSOC. STANDARD SPECIFICATIONS) 


LYNCHBURG, VIRGINIA 


EASTERN OFFICE, 220 BROADWAY, NEW YORK 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO. 


MANUFACTURERS 


CAST 
IRON 
PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


GEORGE ORMROD, 
President and Treasurer. EM A US, 
j. G. EBERLEIN, Secretary. 


JOHN D. ORMROD, Superintendent. LEHIGH COUNTY, PA. 
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XXxil ADVERTISEMENTS. 


CAST IRON PIPE 


ALL REGULAR SIZES, 3 INCHES TO 84 INCHES 


ror WATER, GAS, SEWERS, DRAINS, etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PIPE AND FLANGE FITTINGS 


HEAVY CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 
GENERAL OFFICES, 71 BROADWAY, NEW YORK 


Eastern Sales Office . . . 71 Broadway, New York Pittsburgh Sales Office . . . . Murtland Building 
Western Sales Offices, 638 ‘“The Rookery, ’’Chicago, San Francisco Sales Office . . Monadnock Building 
Southern Sales Office. . . . Chattanooga, Tenn. Philadelphia Sales Office . . Land Title Building 
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ADVERTISEMENTS. Xxill 


IN STOCKH 


Type “D’’ Registers and Chart Recorders 


for 


Venturi Meters 


Also 
All the Common Sizes 


Globe Special Castings 


Bends, Etc., of Large Size 
Cast on Short Notice 


BUILDERS IRON FOUNDRY 


Providence, R. I. 


: 
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xxiv ADVERTISEMENTS. 


Chadwick-Boston Lead Co, 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 
Pure Block Tin Pipe 


PIG LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 


j 
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ADVERTISEMENTS. 


AGENTS FOR 


PACKINGS 


VANDA SHEET PACHING 


This packing is adapted to the highest pressures and superheated steam; it can be 
used on pressures up to 300 Ibs. and temperatures of 800° to 1000° Fahrenheit. 
It is naturally well adapted for low pressures and low temperatures. Regularly 
furnished in sheets 44 x 44 feet, or can be supplied if desired in sheets 44 x 9 feet. 


PALMETTO PACHING 


for small valve stems (in spool form). Sizes }, ,*;, }; also braided, round and square’ 
sizes | to 2inch. Always soft and pliable. 


“SHOOKUM” PACKING 


Cross expansion piston packing, used with steam up to 150 Ibs. pressure, with hot 
or cold water. 
DANIELS P.P. P. PACHING 
(Regular and Special) 
The packing made of two wedges and a yielding absorbent cushion. In places 
where packings have worn out in a few weeks, P. P. P. has lasted months. 


OILS AND ENGINE ROOM SUPPLIES 


Eagle Oil and Supply Co. 


104 Broad Street, Boston 
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XXVi ADVERTISEMENTS. 


EVERY ENGINEER AND 
WATER-WORKS SUPERINTENDENT 


WHO SEEKS TO KEEP ABREAST 
OF THE TIMES 


Should be a Reader of 


ENGINEERING 
NEWS 


100 TO 132 PAGES WEEKLY 


THE LEADING ENGINEERING 
JOURNAL OF THE WORLD 


Sample Copy Mailed on Request 


One Year, $5.00 Six Months, $2.50 © 
Ten Weeks (Trial Subscription) ONE DOLLAR 


The Engineering News Publishing Co. 


220 Broadway, New York 
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ADVERTISEMENTS. 


INDEX TO ADVERTISEMENTS (Concluded). 


OIL, GREASE, ETC. 


Boston Engineers’ Supply Co. 
Jos. Dixon Crucible Co. .... 
Eagle Oil and Supply Co..... 


PACKING. 


Harold L. Bond & Co. ..... 
Boston Engineers’ Supply Co. 
Eagle Oil and Supply Co... . 


PAINT. 
Semet-Solvay Co. 


PRESSURE REGULATORS. 
H. Mueller Mfg.Co........-. 
Ross Valve M’f’g Co. ......- 
Simplex Valve and MeterCo..... 
Union Water Meter Co....... 
PUMPS AND PUMPING ENGIN 


Builders Iron Founcry....... 
National Meter Co.........-. 


TAPPING MACHINES. 


H. Mueller Mfg. Co. .. 0. 
The A. P. Smith M’f’g Co... 


TOOLS AND SUPPLIES. 


Boston Engineers’ Supply Co. 
H. Mueller Mfg. Co. ..... 
Harold L. Bond & Co. .... 
The A. P. Smith M’f'g Co... 
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The Journal of the New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with verbatim reports of the discussions. Many of the contribu- 
tions are from writers of the highest standing in their profession. It 
affords a convenient medium for the interchange of information and experi- 
ence between the members, who are so widely separated as to find frequent 
meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subseription list is a material aid in extending its field 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THEIR ANNUAL DUES; to all others the subscription 
is three dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Departments is 
called to thé JOURNAL OF THE NEW ENGLAND WATER WORKS AsSO- 
CIATION as an advertising medium. 

Its subscribers include the principal WATER WorKS ENGINEERS and 
CONTRACTORS in the United States. The paid circulation is over TOO 
COPIES. 

Being filled with original matter of the greatest interest to Water 
Works officials, it is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are thus more certain to REACH BUYERS than 
by any other means. 

The JOURNAL is not published as a means of revenue, advertisements 
being inserted solely to help meet the large expense of publication. 


ADVERTISING RATES. 


One page, one year, four insertions . Sixty Dollars. 
One-half page, one year, four insertions . Forty Dollars. 
One-fourth page, one year, four insertions a ° Twenty-five Dollars. 
One-twelfth page (card), one year, four insertions ° Ten Dollars, 
One page, single insertion Thirty Dollars. 
One-half page, single insertion Twenty Dollars. 
One-fourth page, single insertion . Fifteen Dollars, 
Size of page, 7} x 4} net. 
A sample copy will be sent on application. 


For further information, address, 


CHARLES W. SHERMAN, 
Advertising Agent, 
14 Beacon Street, 
BOSTON. 


Or, RICHARD K. HALE, 
Editor, 
14 Beacon Street, Boston, Mass. 
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